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RECLASSIFICATION THE DACINI 


ELMO HARDY 


University Hawaii, Agricultural Experiment Station, Honolulu 


the Dacini, cannot agree with the generic con- 
cepts which have been followed most 
the workers this group. prefer not base 
genera upon secondary sexual characters, unless 
accompanied ample supporting characters, pre- 
ferably common both sexes. also prefer 
not base genera upon single chaetotaxic 
characters, e., the presence absence 
certain bristles, varying combinations, unless 
accompanied supporting characters. 
detailed study this group such variations and 
intergradations have been seen the chaetotaxy 
that felt that these are not always reliable 
criteria. 

The genus Dacus contains 350 375 
species (approximately 345 species have been 
placed their respective groups) and has been 
broken down into about various 
workers. number these are synonyms, and 
most others are based upon poorly substantiated 
characters. Eleven are monotypic, some may 
based only upon specific characters. The ma- 
jority have been accepted genera most 
the leading workers the Tephritidae (Hering, 
Hendel, Perkins, Shiraki, Zia, and Enderlein). 
Collart and Munro have considered most these 
subgenera. These groups have for the most 
part been based upon secondary sexual characters 
the male and upon the presence absence 
various thoracic bristles (refer plate I). Some 
the chaetotaxic characters now being used 
are questionable value. Considerable inter- 
gradation evident between groups various 
instances, fact which emphasizes the illogic 
setting genera the Dacini based upon 
single differences the arrangement the 
bristles. Under concepts the species 
Dacini are arranged four genera and twenty- 
four subgenera. 


1Published with the approval the Director the 
Hawaii Agricultural Experiment Station Technical 
Paper No. 321. 
Accepted for publication, May 1954. 


The classification the tribe based largely 
upon the following groups characters: Second- 
ary sexual characters the male, presence 
absence supernumerary lobe, and presence 
absence cilia the third abdominal tergum; 
the chaetotaxy the mesonotum and scutellum, 
presence absence secondary pair scutel- 
lars, presence absence prescutellars, anterior 
supraalars, and humeral bristles; development 
seemingly complete thoracic suture, trans- 
verse depression extending across the 
the apparent fusion lack fusion the 
abdominal terga; the presence absence 
longitudinal carina down the middle the 
abdomen; the shape the base the ovipositor 
the female; the length the antennae, es- 
pecially the comparative lengths the first and 
second segments compared the length the 
face and the head; and the shape the scutellum. 

The comparative lengths the antennal seg- 
ments useful separating Callantra and 
Dacus s.l. (see discussion 
under Callantra). 

The development the supernumerary lobe 
the male wing cannot always relied upon. 
For the most part, however, appears 
constant and useful grouping species. 
some species the lobe may very slightly 
developed, placing them the borderline be- 
tween two groups. This the case the Dacus 
(Gymnodacus) Munro where the various species 
show intergradation from those which have 
well developed supernumerary lobe 
which lack completely. 

The presence absence cilia the third 
abdominal tergum the male constant 
character. 

fined African species India). 

Distinct carinae the dorsum the abdomen 
are found two species belonging two 
apparent subgenera, Dacus (Lophodacus) hamatus 
(Bezzi) and Dacus (Paracallantra) vespiformis 
(Hendel). 
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The presence absence some the thoracic 
bristles not always reliable for separating all 
individuals. When large numbers specimens 
are studied varying degrees development and 
arrangement the bristles are often seen within 
species. some cases reliance 
characters gives false impression the phyllo- 
genetic relationships. Some species show closer 
affinities species other (of authors), 
according the accepted classification scheme, 
than those falling within their own group. 

The shape the basal segment the ovi- 
positor useful distinguishing 
Leptoxyda, and Tetradacus. Whether cylin- 
drical flat has been used for separating va- 
rious other groups but the character not 
entirely reliable and sometimes dependent 
upon the degree maturity the specimens. 

(Notodacus) xanthodes (Brown) the only 
known species with distinctively shaped 
scutellum. This may specific character. 

The Dacinae are distinguished from other sub- 
families fruit flies their reduced chaetotaxy. 
They lack dorsocentral, presutural, sternopleural, 
ocellar, and post vertical bristles, and usually 
also the humerals. 


KEY THE TRIBES DACINAE 


Apex the cubital cell greatly attenuated, this 
narrowed portion equal longer than the re- 
mainder the cell (fig. 1). Cell Ist en- 
larged, usually not over two times long 
wide. Radial sector lying very close vein 
the forking vein and the 
distance between these veins scarcely equal 
one-seventh the length the r-m crossvein Dacini 

Cubital cell not produced into more than short 
point the apex. Cell Ist rather narrow 
elongate, and straight sided, three more times 
long wide. Radial sector, the forking, 
rather widely spaced from the distance be- 
tween being equal nearly one-half the length 


Cubital cell produced into short point apex 
Cubital cell not pointed apex........ Phytalmiini 


(includes 
KEY THE GENERA DACINI 


Mesonotum with median longitudinal furrow ex- 
tending from the anterior margin over half its 
length. Veins and wavy, the former 
with two three short appendices along the 
vein (fig. very elongate, the basal 
portion longer than the body (fig. 14) South 

Mesonotum with transverse furrow connecting 
the lateral sutures. Basal section vein 
deeply incurved into cell (fig. Philip- 

Abdominal terga long wide—(India, Sumatra. 

Antennae elongate, the second and third segments 
combined about equal the vertical length 
the head, and the lengthof the entire antenna 
greater than the combined lengths the front 
and face. First antennal segment equal 
length the second and least one-half long 


the face (fig. 13). Abdomen strongly clavate 
and petiolate (fig. 8), with prominent hump 
each side the first tergum; first segment 
parallel-sided narrower its apex than its 
base. Abdomen arched, seen lateral view, 
and the suture between terga three and four 
markedly concave. Basal portion the ovi- 
positor tubular shape (fig. 8)—(Pacific, Orient, 
Antennae comparatively short, the first segment 
about one-half long the second and less than 
half long the face; the entire antenna about 
equal shorter than the front (fig. 
men not strongly petiolate arched and with 
well developed tubercles the sides the 
first tergum; the first segment twice wide 
the apex the base. Suture between terga 
and straight nearly so. Ovipositor usually 
flattened dorsoventrally—Widespread over the 
tropical and subtropical areas the world, ex- 
cluding the Nearctic and Neotropical 


Bactrocera Macquart 

Bactrocera Macquart, 1835, Coll. des Suites Buffon, 
Hist. Nat. Ins. Dipt. 452. 

Bactrocera 1838, Duperrey, Voyage 
autour Monde sur Corvette Coquille. 
Paris (2): 300. 

Genotype: Bactrocera Macquart, 1835, op. 
nec Bactrocera longicornis 
1838, op. cit.: 301. 

This genus and species cannot placed. From 
the descriptions and Macquart’s figure (pl. 19, fig. 
13) would seem Dacus and possibly 
Dacus (Strumeta) Walker. The antennae ap- 
pear rather elongate and the species may 
belong Callantra Walker. Many authors 
have considered this the same Dacus 
(Strumeta) umbrosus Fabricius. From the orig- 
inal figure the wing maculations appear show 
close relationship umbrosus but differ distinctly 
from this well from other known species 
fruit flies. 

Other workers have attributed the genus and 
species Guérin-Méneville and his work has 
often been incorrectly dated Be- 
quaert (1926: 186-187) has pointed out ap- 
parent that part Guérin’s text Hymenop- 
tera and Diptera appeared before 1838. Mac- 
quart (1835: 452) obviously had access Guérin’s 
manuscript; described the genus and species 
and attributed them Guérin-Méneville, citing 
with date. Macquart gave the locality 
(probably this Port Praslin, 
the northern tip Ysabel Island the 
Solomons). Guérin-Méneville gave the type lo- 
cality Jackson’’ (Sydney, Australia). 
Neave (1939: 381) gives priority Macquart’s 
Bactrocera (1835) and lists Bactrocera Guérin- 
Méneville (1838) ortalid. 


Callantra Walker 


Callantra Walker, 1860, Proc. Linn. Soc. London 154. 

Mellesis Bezzi, 1916, Bul. Ent. Res. 114. 

Calantra Hendel, 1914, Wiener Ent. Zeit. 32: 74. 

Callantra Walker, Hardy and Adachi, 1954, Pac. Sci. 
8(2): 149. 
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Hardy: 

Malloch (1939: 411) used Callantra sub- 
genus Dacus Fabricius but the basis the 
material which have studied date appears 
Dacus s.l. the elongate antennae. The an- 
tennae are longer than the combined lengths 
the front and face. The first segment slender, 
equal length the second and almost equal 
the length the visible portion the palps. 
The first and second combined are about equal 
the vertical length the head (fig. 
Dacus the first antennal segment about half 
long the second and about one-fourth 
long the palps, and the two combined are 
approximately half long the head. 
the abdomen distinctly petiolate. 
The first segment parallel sided narrower 
its apex than its base and has prominent 
tubercle present each side the base. The 
flies are markedly wasp-like appearance. The 
abdomen strongly arched from lateral view, 
hollowed out beneath and the suture between 
segments three and four distinctly concave. 
The ovipositor cylindrical, instead flattened 
dorsoventrally usually the case Dacus. 
Other Dacinae (except Monacrostichus) have the 
abdomen not distinctly petiolate, the first seg- 
ment tapered from base apex 
about two times wide apex base, 
strong tubercles, and not strongly arched. The 
suture between segments and straight 
nearly so. Callantra also have 
bristles and supernumerary lobe the male 
wing. 

Genotype: Callantra smieroides Walker. 

Distribution: Pacific, Orient, and Africa. 
Twenty-two species have been described; many 
these are poorly known and some may 
synonyms. The group has never been revised 
and possible that when more complete 
studies have been made, throughout its geographic 
range, the characters which have used dis- 
tinguish will found intergrade with 
Dacus s.l. 


Callantra? (Polistomimetes) Enderlein 


Polistomimetes Enderlein, 1920, Zool. Jahrb. Syst. 43: 358. 
Callantra? (Polistomimetes) Enderlein, Hardy and Adachi 

1954, Pac. Sci. 8(2): 152. 

The true position these wasp-like flies 
unknown. brief description states 
that like Callantra Walker except that the 
abdominal segments are long wide, the 
abdomen slightly less attenuated 
swollen, and the first antennal segment short. 
This appears more nearly included 
concept Dacus s.l. than Callantra and 
may possibly belong near the subgenus Neodacus 
Perkins. Hering’s key (1941) runs with 
Callantra and perhaps best include 
under this genus until can more completely 
studied. 
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Genotype: Polistomimetes mimax Enderlein. 
Distribution and number species: One species 
from India and Sumatra. 


KEY THE SUBGENERA DACUS 


Two pairs scutellar bristles present........... 
Prescutellar bristles present.................... 


Anterior supraalar bristles present. Third ab- 
dominal tergum male with row cilia 
Anterior supraalars absent. cilia the third 


Male wing with distinct supernumerary lobe 
Male without supernumerary lobe............ 
third tergum male....... Melanodacus 
Third tergum male ciliated.......... Zeugodacus 
Anterior supraalar bristles present.............. 
anterior supraalars............ Hemizeugodacus 

Male with row cilia each side the third 
Third tergum male not 
Anterior supraalar bristles present.............. 
Anterior supraalars absent.............. Afrodacus 
with cilia third abdominal tergum...... 


11. Male with supernumerary lobe the 
supernumerary lobe the wing the male. 


14. Two pairs anterior supraalars 
Only one pair anterior supraalars............. 
15. Male with cilia the sides the third 

16. Male with supernumerary lobe the wing..... 
Male without supernumerary lobe......... Dacus 

17. Male with supernumerary lobe the wing.... 
supernumerary lobe the Metidacus 
18. Male with cilia the third abdominal 
19. Abdomen without longitudinal carina......... 
Abdomen with longitudinal carina. 


21. Male with supernumerary lobe the wing. Daculus 
supernumerary lobe the wing. 


22. Abdomen without longitudinal carina......... 
Abdomen with distinct longitudina! 
23. Basal segment ovipositor long the abdomen 


Basal segment usually not longer than the fifth 


Dacus (Afrodacus) Bezzi 
Afrodacus Bezzi, 1924, Ann. Afr. Mus. 19: 469. 
Afrodacus Bezzi, Perkins, 1937, Proc. Roy. Soc. Queens- 
land 48(9): 55. 
Dacus (Afrodacus) Bezzi, Hardy, 1951, Pac. Sci. 5(2): 


117, 118. 
Dacus (Afrodacus) Bezzi, Hardy, 1955, Jour. Kans. Ent. 


Soc. 28(1): 

This group occupies borderline between the 
subgenera Strumeta Walker and Daculus Speiser. 
differs from Strumeta lacking anterior 
supraalar bristles. Specimens (Afrodacus) 


| 
ee 
¥ 
4 
‘ 


428 


(Tryon) have been studied which inter- 
grade with Strumeta having well developed 
anterior supraalar bristle one side the 
mesonotum. differs from Daculus 
possessing prescutellar bristles. Some aberrant 
specimens (Daculus) murrayi (Perkins) 
have definite prescutellar bristles present vary- 
ing stages development; these possess all 
the characteristics Afrodacus. Approxi- 
mately one-fourth the specimens series 
(84 specimens) from Queensland have one 
more prescutellar bristles. 

Subgenotype: Chaetodacus biguttulus Bezzi. 

Distribution: Pacific, and Orient 
(India). 

Number species: Eleven species and two 
subspecies are known date (see Hardy, 
for key known species the world and re- 
vision the subgenus). 


Dacus (Apodacus) Perkins 
Apodacus Perkins, 1939, Pap. Dept. Biol. Univ. Queens- 

land, 1(10): 26. 

This very close Dacus (Strumeta) Walker, 
apparently differing only having 
numerary lobe the wing the male. have 
not seen representative this subgenus, 
which, date known only from the type male. 

Subgenotype: Apodacus cheesemani Perkins. 

Distribution: Known only from the type lo- 
cality, Kokado, Papua. Only one known species. 


Dacus (Austrodacus) Perkins 
Austrodacus Perkins, 1937, Proc. Roy. Soc. Queensland 

48(9): 56. 

Dacus (Austrodacus) Perkins, Hardy, 1951, Pac. Sci. 

5(2): 122. 

This group rather well defined compared 
most closely related Dacus (Paratridacus) 
Shiraki having four scutellar bristles, 
well developed supernumerary lobe the wings 
the male, and cilia the third tergum 
the male. differs from Paratridacus, well 
the other subgenera which possess four scutel- 
lar bristles, having prescutellars and 
anterior supraalar bristles. Perkins indicated 
that supernumerary lobe present the 
wings the male. The lobe actually present 
but poorly developed. 

Besides the indication supernumerary 
lobe some other borderline characteristics have 
been seen. some specimens the pair meso- 
notal hairs the position the prescutellar 
definitely more developed than are 
the others; these hairs are erect and are two 
three times long the other hairs, suggesting 
rudimentary prescutellar bristles. The second- 
ary pair scutellar bristles sometimes poorly 
developed, compared the apical pair, and show 
intergrading size. 

Subgenotype: Dacus cucumis French. 
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Distribution: Known only from eastern Austra- 
lia. 
Only one known species. 


Dacus (Daculus) Speiser 


Daculus Speiser, 1924, Beitr. Tierk., Konigsberg, 140. 

Dacus (Daculus) Speiser, Hardy, 1951, Pac. Sci. 125. 

Diplodacus May, 1952 (1951), Queensland Jour. Agr. Sci. 
8:8. New synonym. See note under Dacus 
seugodacus). 


(Daculus) differs from (Didacus) Collart 
only the lack fusion the abdominal terga. 
The group differs from (Strumeta) Walker 
lacking prescutellar and anterior supraalar bristles. 
Some species the subgenus seem occupy 
borderline positions and some individuals show 
intergradation toward related subgenera. Speci- 
mens (Daculus) murrayi (Perkins) have 
been studied which have distinct prescutellar 
various stages development and 
would fit (imperfectly) (Afrodacus) Bezzi. 
one series from Queensland, Australia, ap- 
proximately one-fourth the specimens had one 
both prescutellars present. Specimens 
(Daculus) signatifer Tryon show much aberration 
the development the scutellar bristles. 
May’s Diplodacus was based upon signattfer, 
which considered have two pairs scutellar 
bristles. have examined large series speci- 
mens this and the secondary scutellars are often 
rather well developed. They show considerable 
intergradation and the typical specimens appear 
have but two distinct scutellars. 

Subgenotype: Dacus oleae (Gmelin). 

Distribution: The subgenotype the only 
known African species. The others are from 
Australia (two), Indonesia (one), and Solomon 
Islands (one). 

Number species: Five have been recognized 
date. 


Dacus (Dacus) Fabricius 
Dacus Fabricius, 1805, Syst. Antliat., 272. 
Tridacus Bezzi, 1915, Bul. Ent. Res. 86. 

This subgenus closely related Dacus 
(Daculus) Speiser, and differentiated having 
the anterior supraalar bristles present and 
having supernumerary lobe the wing 
the male. The abdominal terga appear 
fused some species but seem distinctly 
separated others. 

Subgenotype: Dacus armatus Fabricius. 

Distribution: Apparently confined the Ethi- 
opian region. 

Number species: Approximately species 
known date. 


Dacus (Didacus) Collart 
Dacus (Didacus) Collart, 1935, Bul. Mus. Roy. Hist. Nat. 
Belg. 11(1): 33. 
This subgenus differs from (Daculus) Speiser 
having the abdominal terga fused. have 
bot found this character wholly reliable and had 
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Tetradacus Paracallantra 


Notodacus 


Gymnodacus Apodacus 


Metidacus 


Neodacus 


Afrodacus Nesodacus 


Strumeta 


Gymnodacus 


Daculus 
Paradacus 
Melanodacus 
Austrodacus 


Hemizeugodacus 


Lophodacus 


Parazeugodacus 
Leptoxyda 
Paratridacus 


Subgeneric breakdown the genus Dacus sens. lat. 
429 
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decided that Didacus should combined with 
Daculus. However, evident that the African 
Dacini often have the terga closely joined 
fused and perhaps this valid criterion for 
separating some the groups. necessary, 
many cases, macerate the abdomen 
order sure this character. (Didacus) 
ciliatus Loew appears vary somewhat the 
degree fusion the terga. 

Subgenotype: Dacus ciliatus Loew. 

Distribution: African except for the subgeno- 
type which distributed through Africa, Mada- 
gascar, Mauritius, Arabia, India, Ceylon, and 
Burma. 

Number species: Approximately have 
been placed under this combination. 


Dacus (Gymnodacus) Munro 
Dacus (Gymnodacus) Munro, 1938, Proc. Roy. Soc. 

London, Ser. Tax. 7(5): 117. 

Dacus (Gymnedacus) Munro, Hardy, 1954, Proc. Ent. 

Soc. Washington, 56(1): 

This subgenus closely related (Strumeta) 
Walker and distinguished the absence 
row cilia each side the third abdominal 
tergum the male. Previously the concept 
this group had included the lack super- 
numerary lobe the wings the male. The 
presence absence this lobe does not appear 
important enough warrant the separation 
this group into two subgenera. Considerable 
intergradation has been observed with regard 
the development -of the supernumerary lobe; 
the subgenotype, mesomelas Bezzi, has 
indication this lobe, absonus Hering shows 
but slight indication, the lobe poorly de- 
veloped (Perkins and May) and 
developed diversus Coquillett. 

Subgenotype: Dacus mesomelas Bezzi. 

Distribution: Pacific, Oriental, and Ethiopian 
regions. 

Number species: Five have been recorded 
date. 


Dacus (Hemizeugodacus) Hardy 
Dacus (Hemizeugodacus) Hardy, 1951, Pac. Sci. 5(2): 131. 
Neozeugodacus May, 1952 (1951), Queensland Jour. Agr. 

Sci. 8:6. New synonymy. 

Volume number the Queensland 
Journal Agricultural Science March, 
1951 the cover. Information received from 
several major libraries Australia indicate that 
this issue was not actually published early 
May, 1952. Volume number Pacific 
Science dated April, 1951 the cover and 
was distributed May 1951, over year earlier 
than volume 8(1) the Queensland Journal. 

This group related the subgenus Para- 
seugodacus Shiraki because the presence 
four scutellar and two prescutellar bristles, the 
presence cilia the third abdominal tergum 


the male, and the lack distinct super- 
numerary lobe the wing the male. differs 
from Parazeugodacus and related subgenera 
lacking the anterior supraalar bristles. one 
specimen hand tiny, rudimentary anterior 
supraalar bristle present the left side showing 
definite intergradation toward 
many respects Hemizeugodacus similar 
Afrodacus Bezzi but differs having four well 
developed scutellar bristles and lacking the 
supernumerary lobe the wing the 
also similar Austrodacus but differs having 
prescutellar bristles and cilia the third ab- 
dominal tergum the male. Hemizeugodacus 
differs from Hendel lacking the 
anterior supraalar bristles and the poorly 
developed supernumerary lobe the male wing. 

Subgenotype: Dacus aglaiae 
Hardy. 

Distribution: Queensland, Australia. 

Two species are known. 


Dacus (Heterodaculus) Hardy 
Dacus (Heterodaculus) Hardy, 1951, Pac. Sci. 5(2): 134. 


This subgenus closely related 
(Daculus) Speiser but differentiated the 
lack the supernumerary lobe the wings 
the male. The wing venation considerably 
different from that known species the 
subgenus Daculus but these characteristics may 
typical only the genotype. Heterodaculus 
the r-m crossvein situated below the middle 
cell Ist and distinctly before the apex 
vein The section cell from the 
fumose portion (directly above the base vein 
the r-m crossvein very short compared 
the same section Daculus and most other 
Dacus. This portion cell slightly shorter 
than cell (fig. all the known species 
Daculus and almost all known species Dacus 
s.l. the r-m crossvein situated beyond the 
middle the discal cell and the apical portion 
cell (beyond the fumosity) about one and 
one-half times long cell (fig. 1). 
Heterodaculus the apex vein well be- 
yond the point opposite the r-m crossvein and 
the top the crossvein almost opposite the 
middle the third section the costa. 
Daculus and other Dacus, with few exceptions, 
the upper portion the r-m crossvein about 
opposite the apex vein and the lower 
portion slightly beyond its apex. 

Subgenotype: Dacus (Heterodaculus) visendus 
Hardy. 


EXPLANATION PLATE 
Fic. Wing Dacus (Strumeta) latifrons Hering. 
Fic. Wing Adrama determinata Walker. 
Wing Monacrostichus citricola Bezzi. Fic. Wing 
Dacus (Daculus) signatifer Tryon. Fic. Wing 
Dacus (Heterodaculus) visendus Hardy. 
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D.(Strumeta) latifrons 


Adrama determinata 


Toxotrypana 


curvicauda 


Monacrostrichus 
citricolus 


signatifer 


visendus 
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Distribution: Known only from the type lo- 
cality, Babinda, Queensland. Only the subgeno- 
type known. 


Dacus (Leptoxyda) Macquart 


Leptoxyda Macquart, 1835, Coll. des Suites Buffon, 
Hist. Nat. Ins. Dipt. 452 and 684 (as 
latter page). 

Leptoxys Macquart, 1843, Mem. Soc. Roy. Sci. Lille, 
1842, 373 (nec. Rafinesque, 1819, Jour. Physique 
Leptoxyda. 

This group may actually prove distinct 
genus but present poorly known and needs 
further study. appears very close 
Psilodacus Collart, possessing the same general 
characteristics, viz. two scutellar bristles, 
prescutellar bristles, and anterior supraalar 
bristles, distinct supernumerary lobe the 
male wing and cilia the third tergum 
the male. distinguished its very elongate 
ovipositor, the basal segment being long 
the remainder the abdomen (fig. 12); this 
regard quite distinctive from other Dacini. 
The abdomen also characteristically truncate 
the apex the fifth segment both sexes 
(fig. and the abdominal terga appear 
fused least the African material. 

Subgenotype: Dacus longistylus Wiedemann. 

Leptoxyda testacea Macquart and Dacus kingi 
Froggatt are synonyms 

Distribution: Africa and India. Bezzi (1913: 
and 1916: 101) has recorded specimens from 
number localities India. have one 
specimen hand from Pusa, Bengal. 

Number species: Known only from the sub- 
genotype. Collart (1935: placed aspilus Bezzi 
Leptoxyda. Munro (1948: 18) says prob- 
ably should not here since the third tergum 
the male ciliated. 


Dacus (Lophodacus) Collart 
Dacus (Lophodacus) Collart, 1935, Bul. Mus. Hist. Nat. 

Belg. 11(1): 

This very close Dacus (Psilodacus) Collart 
and apparently differs only having the ab- 
domen raised into longitudinal carina down the 
median portion. This alone could just 
peculiar specific character. The mesonotum has 
oblong transparent and bare area the 
middle half-way between the suture and the 
posterior margins. Dacus (Psilodacus) inornatus 
Bezzi has indication this carina the 
abdomen some specimens; the carina not 
distinctly raised all cases, however, and not 
inornatus also has the clear, bare spot the 
mesonotum. 

Subgenotype: Dacus (Lophodacus) hamatus Col- 
lart. 

Distribution: Africa. 

Number species: Known 
subgenotype. 


only 
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Dacus (Melanodacus) Perkins 
Melanodacus Perkins, 1937, Proc. Roy. Soc. Queensland 

48(9): 57. 

Dacus (Melanodacus) Perkins, Hardy, 1951, Pac. Sci. 

5(2): 138. 

This subgenus very similar Zeugodacus 
Hendel and Paratridacus Shiraki and differs only 
secondary sexual characteristics. differs 
from Zeugodacus having cilia the third 
abdominal tergum the male. differs from 
Paratridacus having supernumerary lobe 
the wing the male. 

Subgenotype: Dacus niger Tryon. 

Distribution: Australia and New Guinea. 

Two species are known. 


Dacus (Metidacus) Munro 
Dacus (Metidacus) Munro, 1938, Proc. Roy. Ent. Soc. 

London, Ser. B., Tax. 7(5): 117. 

Closely related Dacus (Dacus) Fabricius and 
apparently differing only lacking the rows 
cilia the third abdominal tergum the male. 

Subgenotype: Dacus lotus Bezzi. 

Distribution: Africa. 

Only two species are known. 


Dacus (Neodacus) Perkins 
Neodacus Perkins, 1987, Proc. Roy. Soc. Queensland 

58. 

Asiadacus Perkins, 1937, Proc. Roy. Soc. Queensland 

48(9): 57. 

Dacus (Neodacus) Perkins, Hardy, 1954, Proc. Washing- 

ton Ent. Soc. 56(1): 5-6. 

Closely related Walker, differ- 
ing only the absence prescutellar bristles. 
The group contains some the largest known 
species the subfamily Dacinae. Many the 
species are very beautifully marked and usually 
have extensive brown maculations throughout 
the wings. The Neodacus occupy borderline 
position; some species show definite intergrada- 
tion toward other subgenera. Dacus (Neodacus) 
afinus Hardy actually appears more 
closely related Dacus (Strumeta) 
(Saund.) and (Strumeta) paratuberculatus 
(Philip) than any known species Neodacus, 
providing further evidence support the view- 
point that the presence absence prescutellar 
bristles not generic importance the 
Dacus s.l. closely resembles 
zonatus that can easily separated only 
absence the prescutellar bristles. Dacus (Neo- 
dacus) watersi Hardy also occupies position be- 
tween two subgenera (genera authors). 


EXPLANATION PLATE III 

Head Dacus dorsalis Hendel. Fic. 
Abdomen Callantra smieroides Walker. Fic. Ab- 
domen Leptoxyda longistyla (Wiedeman), male. 
10. Abdomen Dacus (Tetradacus) tsuneonis (Miyake). 


Fic. 11. Scutellum (Notodacus) 
Brown. Abdomen and basal segment ovi- 
positor Leptoxyda longistyla (Wiedeman). 13. 


Head Callantra smieroides Walker. 
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would perhaps just nearly correct place 
this Dacus (Paradacus) Perkins Dacus 
(Neodacus). One, two, more secondary scutel- 
lar bristles bristle-like hairs are developed 
approximately percent the specimens 
hand but since the 
show varying degrees development and are 
not strongly developed the Zeugodacus 
complex subgenera perhaps best consider 
under Neodacus. Some the specimens 
which have four moderately well developed scutel- 
lar bristles would fit Paradacus. Some have two 
strong and two weak bristles; others may have just 
three bristles present, the third varying from 
moderately strong very weak. One speci- 
men hand which possesses six scutellar 
bristles, the second and third pairs being poorly 
developed. Some the specimens watersi 
have small humeral bristles developed and 
would thus fall into Notodacus, defined 
some authors. watersi obviously represents 
extreme case variation the chaetotaxy. 

Genotype: Dacus (Neodacus) newmani (Perkins). 

Distribution: Australia, New Guinea, Philippine 
Islands, Russell Island, Solomon Islands, and 
India. 

Number known species: Nine species have 
been recognized date. 


Dacus (Nesodacus) Perkins 
Nesodacus Perkins, 1937, Proc. Roy. Soc. Queensland, 

48(9): 57. 

Dacus (Nesodacus) Perkins, Hardy and Adachi, 1954, 

Pac. Science 8(2): 154. 

This subgenus differs from Dacus (Neodacus) 
Perkins only lacking the rows cilia the 
sides the third abdominal tergum the male. 
also close Dacus (Dacus) Fabricius, 
differing only having supernumerary lobe 
the wing the male. differs from Dacus 
(Strumeta) Walker lacking prescutellar bristles 
and having cilia the third abdominal 
tergum the male. 

Genotype: Chaetodacus atrichus Bezzi. 

Distribution: Philippine Islands and Malaya. 

Number species: Three species and two 
varieties have been recognized date. 


Dacus (Notodacus) Perkins 
Notodacus Perkins, 1937, Proc. Roy. Soc. Queensland 

48(9): 56. 

Related (Strumeta) Walker but differing 
having distinctly developed supernumer- 
ary lobe the wing the male and 
having moderately strong bristle developed 
each humerus. Rudimentary humeral bristles 
are often seen some specimens Strumeta, 
well other groups, and this character may 
variable. The scutellum the genotype 
very characteristic shape but this may 
just specific character. distinctly con- 
cave its hind margin (fig. 11). 
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Subgenotype. Dacus xanthodes Brown. 

Distribution: Samoa and Fiji Islands. 

Number species: Known only 
genotype. 


Dacus (Paracallantra) Hendel 
Paracallantra Hendel, 1927, Wiener Ent. Zeitung 44: 59. 


From the original description this appears 
closely related Dacus (Lophodacus) Collart. 
has the longitudinal carina down the middle 
the abdomen, but differs having the ab- 
domen strap shaped 
parently parallel sided and not attenuated 
the base. There are probably other character- 
istics which would distinguish this from Lopho- 
dacus but unable find them the original 
description and have not had occasion examine 
specimens this subgenus. The specific name 
the subgenotype, vespiformis, would indicate 
that the species very different appearance 
from the known species Lophodacus. Hering 
(1941: used the shape the abdomen 
separate these two groups. 

Subgenotype: Paracallantra Hendel. 

This subgenus monotypic and known only 
from the holotype male from New Britain. 


Dacus (Paradacus) Perkins 
Paradacus Perkins, 1938, Proc. Roy. Soc. Queensland 

49(11): 148. 

Dacus (Paradacus) Perkins, Hardy and Adachi, 1954, 

Pac. Sci. 8(2): 155. 

This subgenus similar (Zeugodacus) Hen- 
del except that the prescutellar bristles are absent. 
Paradacus minimus Hering (1952: 42), known 
only from the holotype female, occupies position 
between Paradacus and Zeugodacus; the left side 
the mesonotum lacks the prescutellar bristle 
(Paradacus), the right side possesses this bristle 


(Zeugodacus). 
Subgenotype: Paradacus fulvipes Perkins. 
Distribution: Indonesia (Moluccas), Borneo, 


and Lesser Sunda Islands. 
Number species: There appear three 
described species which fit Paradacus. 


Dacus (Paratridacus) Shiraki 
Paratridacus Shiraki, 1933, Mem. Fac. Sci. Agr., Tahoku 
Imp. Univ. 8(2): 109. 
Science 5(2): 140. 


Closely related Dacus (Zeugodacus) Hendel 


Shiraki, Hardy, 1951, Pacific 


and distinguished only secondary sexual 
EXPLANATION PLATE 
Fic. and basal segment ovipositor 


Toxotrypana curvicauda Gerstaecker. 15. Abdo- 
men Dacus (Strumeta) propinquus Hardy and Adachi. 
Fic. 16. Front femur Monacrostichus citricolus Bezzi. 
Fic. 17. Head Monacrostichus citricolus Bezzi. Fig. 
18. Mesonotum curvicauda Gerstaecker. 
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characters. The males differ having 
cilia the third abdominal tergum and 
supernumerary lobe the wing. 

Subgenotype: Dacus expandens Walker. 

Distribution: Widespread over the orient and 
Pacific. has been recorded from Indonesia, 
Australia, Philippine Islands, Japan, Malaya, 
Ceylon, and India. Just single species known. 
Three have been described but they are syn- 
onymous. 


Dacus (Parazeugodacus) Shiraki 
Shiraki, 1933, Mem. Sci. Agr., 
Taihoku Imp. Univ. 8(2): 107. 
Parazeugodacus Shiraki, Perkins, 1937, Proc. Roy. Soc. 
Queensland 48(9): 56. 


Fac. 


This fits all the characteristics 
(Zeugodacus) except that the males 
have supernumerary lobes the wings. 
There considerable variation the develop- 
ment the supernumerary lobe throughout 
various species Zeugodacus and this character 
questionable value 

Subgenotype: 
rai Shiraki. 

Distribution: Japan and India. 

Number species: Two species 
placed under this subgeneric combination. 


Dacus (Psilodacus) Collart 

Dacus Collart, 1935, Bul. Musée Royal 

Hist. Nat. Belg. 11(1): 
Psilodacus Collart, Perkins, 1937, Proc. Roy. Soc. Queens- 

land 48(9): 

This very close Dacus (Lophodacus) Collart. 
supposedly differs not having distinct 
carina down the median portion the abdomen. 
suspect that there may some intergradation 
with regard this character. The condition 
Lophodacus hamatus Bezzi may peculiar 
that species and this character may not 
any value subgeneric sense. Some specimens 
(Psilodacus) inornatus Bezzi hand show 
definite indication this longitudinal carina, al- 
hamatus. Other species Psilodacus which 
have studied show indication this carina. 

Subgenotype: Dacus annulatus Becker. 

Distribution: Apparently found only the 
Ethiopian region. 

Number species: Approximately species 


have been placed under this combination date. 


Dacus (Strumeta) Walker 


Strumeta Walker, 1856, Proc. Linn. Soc. London 

Dasyneura Saunders, 1842, Trans. Ent. Soc. London 
(nec Dasineura Rondani, 1840). 

Chaetodacus Bezzi, 1913, Mem. Indian Mus. 93. 

Dacus (Marquesadacus) 1932, Bishop 
Museum Bul. 98: 145. 

Sinodacus Zia, Chinese Jour. Zool. 157. 


The members this subgenus are character- 
ized possessing one pair each scutellar, 
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prescutellar, and anterior supraalar bristles; 
having row cilia each side the third 
abdominal tergum the male and supernumer- 
ary lobe the wing the male. nearest 
cus) Perkins and differs from the former 
possessing supernumerary lobe the wing 
the male and from the latter having cilia 
the third abdominal tergum the male. 

Subgenotype: Dacus umbrosus Fabricius. 

Distribution: Widely distributed throughout 
the orient and Pacific, with Dacus (Strumeta) 
cucurbitae Coq. extending the Mauritius 
Island and Kenya Colony, East Africa. 

Number species: This the largest sub- 
genus the Dacinae; approximately 116 species 
have been recognized Dacus (Strumeta). 
considerable number species Dacinae have 
never been properly placed subgenerically; 
possible that more these may belong 
this subgenus. 


Dacus (Tetradacus) Miyake 
Tetradacus Miyake, 1919, Bul. Imp. Cent. Agri. Ext. Sta. 

Japan 92. 

Tetradacus Miyake, Shiraki, 1933, Mem. Fac. Sci. Agri. 

Taihoku Imp. Univ. 118. 

This group has prescutellar bristles, has 
the third abdomina! tergum ciliated the male, 
and has distinct supernumerary lobe the 
wing the male. this regard fits Dacus 
(Dacus) Fabricius. differs from this subgenus 
having two pairs anterior supraalar bristles. 
skeptical the validity this character. 
have studied specimens from Japan and China 
and the number anterior supraalar bristles 
varies considerably. Some specimens have two 
bristles one side and one the other; some 
have one pair, others have two pairs. The 
ovipositor very characteristic; 
segment distinctly bottle shaped (fig. 10) and 
approximately equal length the remainder 
the abdomen. Chen, 1940, described this 
Mellesis citri (synonym tsuneonis); the species 
resembles Callantra (Mellesis synonym) 
many respects. The abdomen attenuated 
base, but not narrow most Callantra. 
The antennae are typical the Dacus 

Subgenotype: Tetradacus tsuneonis Miyake. 

Distribution: Japan and China. 

This subgenus monotypic. 


Dacus (Zeugodacus) Hendel 
Dacus (Zeugodacus) Hendel, 1927, Lindner, Die Fliegen 
der Palaeark. Reg. 49, Trypetidae, 26. 
Zeugodacus Hendel, Shiraki, 1933, Mem. Fac. Sci. Agr., 
Taihoku Imp. Univ. 8(2): 78. 
Zeugodacus Hendel, Perkins, 1937, Proc. Roy. 
Queensland 48(9): 55, and 1938, Op. cit. 49(11): 137. 


This group close Dacus (Strumeta) Walker, 
differing only possessing four scutellar bristles 
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rather than two. Some species Dacus (Strumeta) 
show definite intergrading toward Dacus (Zeugo- 
dacus). Specimens Dacus (Strumeta) cucurbitae 
have often been seen (especially from India and 
the Philippine Islands) which have secondary 
scutellar bristles varying stages development. 
Dacus cucurbitae actually appears more 
closely related Dacus (Zeugodacus) 
Fabricius than any the known species 
Strumeta. The typical caudatus (from Java) 
are remarkably cucurbitae-like appearance, and 
the aberrant specimens the latter which possess 
four scutellar bristles would fit very close 
caudatus, except for the details the female 
ovipositor. 

Subgenotype: Dacus caudatus Fabricius. 

Distribution: Widespread throughout much 
the orient and the Pacific. 

Number species: Thirty-five have been recog- 
nized Dacus (Zeugodacus) date. 


Monacrostichus Bezzi 
Monacrostichus Bezzi, 1913, Phil. Jour. Sci. 322. 
Monacrostichus Bezzi, Hardy and Adachi, 1954, Pac. Sci. 

8(2): 198. 

This well defined genus, readily dis- 
tinguished from other Dacinae the following 
characteristics: the presence transverse 
furrow depression across the mesonotum 
connecting the lateral sutures; distinct trans- 
verse furrow across the middle the face (fig. 
17); the lack inner orbital, postocellar, post- 
vertical, ocellar bristles; the lack line 
demarkation around the sides and hind margins 
the humeri (fig. 19); the lack inner scapular 
bristles; the presence two four stout spines 
near the apices the front femora below (fig. 
16); the rather pointed scutellum; the elongate 
stigma third costal section the wing, and 
the very short fourth section; the strongly in- 
curved basal section vein which greatly 
narrows the basal three-fourths cell Ist 
(fig. and the abbreviated vein Ist 

The genus related Callantra Walker be- 
cause the elongate antennae (fig. 17) and the 
petiolate abdomen. The literature has indicated 
that the mesonotal suture complete. have 
found that the suture actually interrupted 
the median portion the mesonotum (in all 
specimens examined). distinct, depressed area, 
but not suture, the median por- 
tion the mesonotum. 


Hardy: Reclassification the 
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Genotype: Monacrostichus citricolus Bezzi. 
Distribution: Known only from the Philippines. 
Number species: The genus monotypic. 


Toxotrypana Gerstaecker 
Toxotrypana Gerstaecker, 1860, Ent. Zeitg. Stett. 21: 191. 


This genus readily recognized the very 
elongate, strongly curved basal segment the 
ovipositor (fig. 14); the wavy veins and 
(fig. and the median longitudinal de- 
pression which extends from the margin 
the thorax over half the length the me- 
sonotum. 

Genotype: Toxotrypana curvicauda Gerstaecker. 

Distribution: region; also the 
southern portion off the Nearctic region (Florida, 
Texas, South Carolina). 

The genotype the only known species. This 
the only known representative the subfamily 
Dacinae found the Nearctic Neotropical 
regions. 
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MALE GENITALIA LEPIDOPTERA: MORPHOLOGY AND NOMENCLATURE 
II. MORPHOLOGICAL SIGNIFICANCE SACCULUS AND 
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SACCULUS 


The sacculus (named Pierce, 1909) re- 
flected flange the sclerotized part the valva, 
occupying the ventroproximal portion its 
mesal surface. Such morphological element 
widely found the male genital apparatus 
most specialized forms Lepidoptera. How- 
ever, the degree development subject 
great variation individual species, and some- 
times even its presence may become obscure. 
The same situation also encountered the 
male genitalia more primitive forms. The 
observation throughout all the lepidopterous 
families now makes evident that the develop- 
ment the sacculus has close relationships 
the position the juxta (Pierce, 1909) relation 
both the bottom the vinculum and the 
valva; the association the sacculus with the 
juxta noteworthy one general rules 
the morphology male genitalia Lepidoptera. 

The fundamental structure the valvae 
may assumed pair simple bags without 
any distinctly definable regions. The juxta 
usually found enormously developed state 
and closely connected the vinculum. This 
type may shown representatives Hepiali- 
dae, Lasiocampidae, etc. such forms the 
valvae are not firmly attached the vinculum 
along their outer basal margins. The mesal 
margins the valvae are continuous with the 
membranous anellus, and the ventral angles 
they make obvious articulations with the juxta. 
That say, the valvae hinge upon the juxta 
with their ventroproximal angles, and the vin- 
culum with the outer margins. (figs. 
should noted here that the genitalia this 
type the bases the valvae are shifted dorsally 
the juxta, that the juxta stands between the 
valvae and the vinculum dorsoventral direction. 

more specialized forms, where subdivisions 
the valvae are definable their more less 
developed state, the mutual relations among 
valvae, juxta and vinculum deviate from the 
above plan. The bases the valvae approach 


for publication, March 25, 1954. 
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the ventral portion the vinculum the same 
level the juxta, between the juxta and the 
vinculum (fig. 5). Though the former types 
the juxta still touching the bottom the 
vinculum, the latter case completely 
separated therefrom pair ventroproximal 
sclerites the valvae. Now these forms, the 
region the valva which attaches the juxta 
may called the sacculus, has been mentioned 
the last paper. The more remotely the juxta 
shifted from the vinculum, the more distinctly 
are the binary sacculi developed; sometimes both 
sacculi approach each other, and finally they fuse 
together. the last type, the sacculus often 
forms large triangular sclerite (fig. 6). 

These observations strongly suggest that the 
shift the juxta dorsad and that the base 


EXPLANATION PLATE 


Fic. and juxta primitive type (Hepiali- 
dae). Ventral view. 

The valvae are simple, with subdivisions; the 
bases the valvae have shifted dorsad, articulating 
with the juxta the ventral angles. The juxta 
ated between the bases the valvae and the bottom 
the vinculum. 

Af: anellifer, An: anellus, furca, Hp: harpe, 
juxta, Sl: sacculus, valva, Ve: vinculum. 

Fic. The same. Lateral view. 

(Lasiocampidae). Internal view. 

Fic. and juxta somewhat specialized 
form (Cossidae). 

The bases the valvae are approximated closely the 
bottom vinculum. 

Fic. Valvae and juxta specialized form 
(Nymphalidae). 

The ventroproximal regions the valvae are well 
developed into sacculi their mesal surface, and they 
are wedged between the juxta and the vinculum. The 
juxta shifted dorsad remotely from the bottom 
vinculum. 

Fic. and juxta much specialized form 
(Arctiidae and Phalaenidae). 

The subdivisions the valvae are distinctly differen- 
tiated. The anellifer well developed. Both sides 
the sacculi take shapes large triangular plates and 
touch each other along the median line. The juxta 
reduced and situated far distant from the bottom the 
vinculum. 

Fic. Diagramatic representation the develop- 
ment the sacculus caused the dorsal shift the 
juxta. 

Primitive type. 

Specialized type. 

and indicate the corresponding parts both 
forms. 
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the valvae ventrad make the sacculi develop 
into distinct regions the valvae. Such situ- 
ation could brought about only firm 
and permanent association the juxta with the 
base the valvae. should concluded 
the observations the formation the sacculus 
that the articulation the juxta with the valvae 
one the most fundamental structures 
the lepidopterous male genitalia and accordingly 
has basic significance morphology. 

According the above consideration, the sac- 
culus may defined derivative the ventro- 
proximal part the valva primitive Lepi- 
doptera fig. 7), especially from its outer 
wall (c, fig. 7). the original forms, the 
articulation with the juxta situated the 
ventro proximal portion the valva; then 
dint the dorsad shift the juxta, this articula- 
tion makes the mesal proximal margin the 
valva bend and the same time folds the part 
from the outer wall into the mesal 
must further noted that the above formation 
the sacculus can explain the process the 
development the anellifer, membranous field 
the mesal surface the valva fig. 7), 
more specialized forms Lepidoptera. 


FURCA 


some forms Geometridae, either single 
paired from the juxta be- 
juxta and the base the valvae. This 
organ wasnamedthefurca Pierce (1914) En- 
nomos autumnaria, special modifica- 
tion the sacculus. Pierce used the same 
term for the allied processes Selenia 
and some other genera Geometridae. The 
identification the furca with the sacculus was 
later questioned Forbes (1923) and Sibatani 
(1942), but the present investigation has con- 
firmed Pierce’s original view. The discrepancy 
the opinion was due the ambiguous nature 
the furca described Pierce. 

Ennomos (fig. 8), Deuteronnomos, Gonodontis, 
Biston, etc., the juxta extended into prominent 
lateral arms which Pierce called the furca, but 
which has nothing with the superficially 
allied armatures occuring (fig. 13), 
Cepphis (fig. 9), Plagodis (fig. 10), Selenia (fig. 
11), Epione and other related genera. de- 
tailed observation these structures disproves 
the identity Pierce’s furca the former group 
with the sacculus, which can distinctly recog- 
nized the ordinary situation the ventro- 
proximal portion the valva. The noted arma- 
tures the former group are nothing but lateral 
processes the juxta, and they must not 
called the furca according the definition. 
the latter group, however, the homology between 
Pierce’s furca and the sacculus other geometrid 


5See part Fig. 15. 
part Fig. 16. 


Annals Entomological Society America 


[Vol. 


forms revealed careful observation. 
Moreover, extreme case modification 
the harpe and its muscle involved the 
development the furca. 

different geometrid forms there marked 
tendency the sacculus project into free 
noted that these forms the proximal end 
the harpe, which narrow sclerotized plate 
like band, quite approximated towards the 
base the valva. The feature the valva 
the forms having the true furca may represent 
further modification this type. these forms 
the juxta also exhibits constant characteristic 
modification—namely, subsides cephalad the 
base the valva, taking the shape saddle 
sometimes forming small crypt. The furca pro- 
jects from point neartheconnection 
fied juxta with the base the valva. Then the 
ventral margin the valva always limited 
the valvula and there sign the presence 
tabular sacculus. Though slight thickening 
may recognized along the ventroproximal 
edge the valva, must product second- 
ary modification the valvula caused 
remarkable shift the true sacculus. Accomp- 
anied the above modifications, the harpe also 
moves proximad and restricts the annelifer into 
narrow region. most forms bearing the furca 
the harpe reduced thin narrow plate with- 
out any ornaments, but some cases strongly 
pigmented and easily definable from the other 
parts the valva (cf. Plagodis, fig. 10). 

curious forms such Euctenurapteryx, Oura- 
pteryx, Eugonobapta, etc., the furca not paired 
but consists single process. Pierce (1914) as- 
sumed that this product the fusion the 


EXPLANATION PLATE 


Fic. ‘autumnaria nephotropa Prout. 

The juxta elongated into bifurcate free projection. 
The ventroproximal region the valva obviously the 
sacculus, whence the intrinsic muscle arises and 
serted the harpe. There morphological region 
called the furca. 

Fic. advenaria Hubner. 

The juxta reduced small plate, caved ceph- 
alad. Furcae are paired broad processes occuring 
both sides juxta. The inner edge the furca spinu- 
lated. The harpe narrow. 

Fic. dolaboraria Linne. 

Furcae are asymmetrically developed. 
strongly pigmented. 

Fic. 11. Selenia tetralunaria Hufnagel. 

Furcae symmetric, slender. The intrinsic muscles 
are symmetric, feeble, tapered towards the ends that 
attach furcae. 


The harpe 


Fic. same. show the relation furca 
juxta. 
Fic. 13. Ourapteryx nivea Butler. 


The right furca present. The intrinsic muscle 
the valva not paired, developed only the right side. 
The features both sides the valvae are almost 
symmetric except the single furca. 
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bilateral furcae, but his postulate seems in- 
correct since these forms the furca never 
situated along the median line, but curves 
towards the fixed direction, right left, 
characteristic individual species; this cer- 
tainly not occasioned opening the valvae 
under the cover slip. interest that 
some forms (Endropiodes; Plagodis, fig. 10) the 
right and left furcae are different lengths and 
shapes. seems likely that the single furca 
Ourapteryx, etc., represents extreme case 
asymmetric development the furcae. 

The intrinsic muscle the valva, which 
arises from the base the sacculus and in- 
serted the base the harpe the forms 
without the furca, also demonstrated the 
forms with definable furca; but these forms, 
seems arise from the base the harpe and 
inserted the furca the base connecting 
with the juxta (figs. and 12). The direction 
its motion transfer reversed here compared 
with ordinary forms. This inference drawn 
two lines evidence: first the muscle broad 
its insertion point the harpe, and tapers 
towards the other end attaching the furca; 
second, the forms with curious single furca, 
this muscle found only one side where the 
single curved furca projecting (fig. 13). 
the muscle used put the harpe motion, 
would found both sides the valvae. 

The weak and shifted harpe these forms 
would longer work clasping organ. 
may rather serve supporting base for the 
muscle which works flexor the furca. 
However, the forms with single furca there 
only one muscle and not pair connecting the 
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furca each harpe and developed quite sym- 
metrically both sides the valvae. 


SUMMARY 


The sacculus the specialized forms 
Lepidoptera derivative from the ventro- 
proximal part the simple valva found the 
primitive Lepidoptera. the course the 
above development, the association the 
juxta with the base the valva great im- 
portance. 

The furca surely special modification 
the sacculus occurring some genera 
Geometrinae, Pierce correctly defined his 
original paper. The modifications the juxta, 
harpe and intrinsic muscle valva are also 
noticed the forms bearing the true furca. 
curious single furca found some forms 
not composed both sides the sacculus, but 
rather represents extreme case asymmetric 
development one side the other it. 
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BIOLOGICAL SEPARATION APHIS GOSSYPII GLOVER AND APHIS 
SEDI 


JAMES The Connecticut Agricultural Experiment Station, New Haven 


For number years there has been some 
confusion concerning the life cycle the melon 
aphid, Aphis gossypii Glover. Patch (1925) 
gave accounts the sexual forms aphid 
Sedum which she considered this species. 
The males produced Sedum were described 


(1952) places both these species the genus 
Cerosipha Guercio 1900. 

the meeting the Eastern Branch 
the Entomological Society America Philadelphia, 
Pa., November, 1953. Accepted for publication April 27, 
1954. 

Entomologist. 

‘The writer wishes gratefully acknowledge the 
assistance Mr. Caprio during this study. 


wingless. This unusual condition since 
related aphid species having life cycle similar 
the one Patch describes, the males are winged 
and are produced hosts. 
addition, these other species, which are referred 
the true migratory aphids, hibernate eggs 
deciduous trees shrubs. 

Wall (1933) tried without success transfer 
the melon aphid several species Sedum. 
then concluded that the formation sexuals 
Sedum was localized occurrence. 

Palmer (1952) states that Aphis gossypii 
suspected being synonym Aphis sedi 
Kaltenbach. She also states that, while the 
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melon aphid common Colorado, has never 
been collected there from Sedum. This would 
seem support Wall’s conclusion. 

Essig (1938) mentions the melon aphid 
occurring both Sedum spp. and Catalpa 
California. also states that true sexuals 
have been observed there. Later (1947), 
lists some 315 host plants for this aphid. Essig 
(1953) again calls attention the aphid, refers 
the work Patch (1925), and states that, 
although has examined thousands specimens, 
has yet collect single male. 

Paddock (1919) and Isely (1946) made transfer 
studies with the melon aphid and concluded that 
many host records for were probably mis- 
identifications instances resting migrant 
aphids. Their results also indicated the probable 
existence strains this species. 

Hille Ris Lambers (1950) suggested that Patch 
may have confused the melon aphid with the 
very similar Aphis sedi which 
permanently lives Sedum and Sempervivum. 

Smith (1940) described and named from Ohio 
sp. study paratype revealed 
that this species could not confused with 
either the species here under consideration. 
more closely related phis fabae Scop., 
Smith (1940) has pointed out. The most obvious 
character separate this species from the melon 
aphid the large number secondary sensoria 
antennal segment III and the presence 
sensoria antennal segment and the 
alate viviparous form. Both gossypii and 
sedi the same form have few sensoria 
antennal segment III, and usually lack 
secondary sensoria segments and the 
antenna. 


THE APHID SEDUM 


resolve this question one two species, 
attempt was made reproduce the Patch 
studies. 

the fall 1951 the sexual forms aphid 
were found Sedum greenhouse the 
Connecticut Agricultural Experiment Station 
New Haven. Through the courtesy Drs. 
Edith Patch and Simpson the Maine 
Agricultural Experiment Station these aphids 
were compared with the so-called sexuals 
Aphis the Patch collection. They 
were determined the same species. The 
stem mothers and ofispring this aphid were 
readily collected the following spring Sedum 


acritus Smith the genus Linnaeus, subgenus 
Doralis Risso. 

paratypes Aphis acritus Smith examined 
during this study were kindly furnished Dr. Clyde 
Smith, Head, Department Entomology, North Caro- 
lina State College. 


the towns adjacent New Haven. Unsuc- 
cessful attempts were made transfer this aphid 
the hosts Aphis gossypii. The inability 
make these transfers and Wall’s failure 
make transfers the other direction was evidence 
enough suggest that this was probably not 
phis gossypii Glover. 


THE APHID CATALPA 


Since was possible that the two species were 
involved, the woody plants this area recorded 
hosts the melon aphid were checked the 
following fall. the fall 1952 New Haven 
winged viviparous aphids were found Catalpa 
sp. producing oviparous female aphids. These 
oviparous females mated with winged males. 
These females produced hibernating eggs which 
turn produced stem mothers and progeny 
Catalpa. 

Morphological examination the aphid from 
Catalpa failed reveal any difference between 
and aphids determined Aphis gossypii 
Glover. 


TRANSFER STUDIES 


Transfer studies were made the greenhouse 
using both the aphid Sedum and the aphid 
Catalpa. repeated transfers were 
made from Sedum and Catalpa cotton, dock 
(Rumex crispus), summer squash, cucumber, and 
Sedum. Cages which were used were lantern 
globes and gauze closed, plastic screen tubes. 
transfer was considered successful third 
generation was produced. All transfers from 
Catalpa were successful except transfer Sedum. 
All transfers from Sedum were unsuccessful except 
the transfer Sedum. dock the aphid forms 
were characteristic those described Wall 
for 


SEPARATION THE TWO SPECIES 


While the biological separation these two 
species offers difficulty since they not 
occupy the same hosts, the morphological and 
color similarity these two species has con- 
tributed much their confusion. The color 
forms the aphid Sedum and the aphid 
Catalpa and cotton are remarkably 
However, the forms Sedum seem char- 
acteristically darker comparison. abdom- 
inal tesselations were observed the immature 
winged aphid Sedum. These whitish markings 
are usually observed the abdomen this form 
Aphis gossypii Glover and are characteristic 
the aphid Catalpa. 

Since the winged forms may confused 
trap studies, some comparative study has been 
made the specimens hand. The most 
easily used morphological character which seems 
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afford separation for all forms the ratio 
the length the base antennal segment 
the length the tip unguis the same 
segment. The ratio the extremes these 
measurements are shown Table The ratio 
sedi when they are compared the similar form 


TABLE 


SPECIES SEPARATION Aphis sedi KALTENBACH AND 
phis gossypti GLOVER BASED LENGTH UNGUIs: 
LENGTH BASE RATIO ANTE NNAL SEG MENT 


Aphid Form A phis sedi Kaltenbach | A phis gossypii Glover 


Host Ungus: Ungus 
Bese | | Base 
Wingless viviparous (Sedum 11.6-1.7 | Catalpa | 2.5-2.7 
female 
(Spring | 
Winged viviparous ..| Sedum | 2.0-2.2 Catalpa 2.8-3.7 
female 
(Spring) | 
Wingless viviparous No alternate | Begonia | 3.0-4.0 
female | host | | | 
(Summer) | 
Winged viviparous No alternate | Begonia 3.2-3.4 
female | host | 
(Summer) | | 
Wingless viviparous Sedum | 1.8-2.0 | Catalpa 3.0 
female | | 
(Fall) } 
Winged viviparous | Sedum 2.0-2.2 | Catalpa 2.5-3.0 
female 
(Fall) 
Wingless male Sedum 1.5-2.5 | Only winged 'malesare 
(Fall) | | known 
Winged male | Only wingle ss| malesare | Catalpa | 2.4-3.6 
(Fall) | known 
Oviparous female | Sedum 1.5-2.0 Catalpa | 2.0-2.4 


*Examples given are extremes. 


addition the cornicles winged viviparous 
females gossypii tend nearly equal 
the length antennal segment III while the 
cornicles winged viviparous females phis 
sedi are shorter than the length antennal 
segment 

This report present confines the results 
Connecticut. There little doubt that the 
north temperate range Catalpa, where both 
host and aphid occur, the sexual forms can 
found with systematic collection October and 
November. The same probably also true 
the aphid 
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Table gives the biological and morphological 
separation these two species. 


TABLE 


BIOLOGICAL AND MORPHOLOGICAL SEPARATION 
sedi TENBACH AND GLOVER 


sedi Kaltenbach phis Glov 


True migratory aphid 
cotton and other 
hosts 


Not true migratory aphid 
Sedum Sedum 


Wingless male Winged male 
length unguis 


length base 


length base =2.0—4.0x 


CONCLUSIONS 


Because color and morphological similarity, 
two separate aphid species having quite different 
life cycles have been confused. The aphid 
producing both sexuals Sedum not 
Glover, but closely related, distinct 
species well known Europe, 
Kaltenbach. The aphid producing the oviparous 
female and laying overwintering eggs Catalpa 
Glover. 

The morphological separation these two 
species given. The lack overlapping hosts 
these species should prevent their confusion 
except aphid trap studies. 
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NOTES AND DESCRIPTIONS MUSCINA AND DENDROPHAONIA 
(DIPTERA: 


FRED SNYDER 


Baltimore, Maryland 


Descriptions three new species, some pre- 
viously unpublished synonymy, and 
Nearctic species are presented this paper. 

The larvae Muscina have been recorded 
parasites predators other insects, the 
decaying organic matter. far know, 
Dendrophaonia has been reported breeding only 
the latter type material. 

Grateful acknowledgement made the 
generous cooperation and valuable suggestions 


Genus Muscina Robineau-Desvoidy sensu lato 
1830, Mem. Acad. Roy. Sci. France, (2) 406. 


The species here treated will trace Muscina 
the generic keys Stein (1916, 1919, 
89), Séguy (1923, 346), Karl (1928, and 
James (1948, 120), and Muscina and Para- 
ricia Brauer and von Bergenstamm (1891, 
391) Curran (1934, 397). 

The termination the fourth wing vein before 
(anterior to) wing tip separate Pararicia from 
Muscina would place pabulorum this 
along with its genotype pascuorum and the close 
relationship the two species further indicated 
the presence characteristic scutellar clothing 
setulae which descend onto the edge the 
ventral surface the scutellum its base 
beyond. 

These characters might sufficient retain 
Pararicia distinct group, but because its two 
species possess many other characters 
common with the remaining species Muscina 
(e.g.: head shape; distinct posterodorsal 
apical third fourth hind tibiae; three 
pairs presutural acrostical bristles which 
the posterior pair inserted almost the 
transverse suture; and the similarity the male 
terminalia), Pararicia treated subgenus 
Muscina. 

The subtruncate apex the lower calyptra 
pascuorum, would place this species the sub- 
family Muscinae sensu Malloch (1925, 84; 
1934, 342) and van Emden (1939, 51; 1941, 
253). However, Collin (1948, 126) has 
placed especial emphasis the presence 
pteropleural setulae the Muscinae his recent 
definition this group, and since all species 
Muscina and Pararicia lack them, treating 
Muscina phaoniine genus. Roback (1951, 


1Accepted for publication, May 25, 1954. 


354) has included pascuorum the Phaoniinae 
also. 

The male terminalia Muscina (sensu lato) 
species are very similar and the only specific 
characters are minor differences shape the 
superior forceps caudal view (figs. 
Dissection dried material reveals peculiar 
structure (fig. p?) lying within the cavity 
formed the dorsal arch the ninth tergum 
and the fourth visible abdominal tergite all 
specimens studied. believe might homol- 
ogous the penis, though much separated from 
its usual position other muscids, (e.g. figs. 
and p). The presence transparent, semi- 
chitinous filamentous strands the end the 
usual oedagal region Muscina (fig. may 
indicate remnants connection with this 
dorsal 


KEY NEARCTIC MUSCINA SENSU LATO 


Epaulet and basicosta dark brown black...... 
Epaulet, basicosta both yellow 
Lower calyptrae subtruncate apically, (fig. 2), the 
maximum transverse calyptral width subequal 
(male), distinctly greater (female) than maxi- 
mum longitudinal length. pascuorum 
Lower calyptrae rounded apically, (fig. 3), the 
mum width distinctly less than maximum length. 
Outer (lateral) ventral edge scutellum with numer- 
ous setulose hairs, especially near base, and often 
few invading the ventral base third 
and usually apex second antennal segments 
reddish fulvous; iourth wing vein entering 
costa before (anterior to) wing tip.............. 
Outer (lateral) ventral edge scutellum bare, the 
numerous clothing setulae lateral declivities 
descending distinctly below level marginal 
bristles, but none reaching the edge invading 
the ventral surface; antennae entirely dark brown 
black; fourth wing vein entering costa behind 
Margins calyptrae pale yellow white; hind 
femora with two more ventral posteroventral 
bristles least the basal one-fifth. 
Margins calyptrae black very deep brown; hind 
femora without ventral posteroventral bristles 
Legs infuscated, sometimes tibiae with brownish re- 
Legs and all tibiae and least the apices mid 
Meso- and metathoracic spiracles covered with en- 
tirely yellow hairs; tarsi and second antennal seg- 
ment entirely fulvous. Males: parafrontals con- 
*Since submitting this manuscript, live specimens 
stabulans have been dissected and definite connection 
between these areas clearly defined. 
character seen best when the scutellum 
viewed laterally posteroventrally. 
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Meso- and metathoracic spiracles covered with 
mostly black dark brown hairs; entire tarsi, 
and base second antennal segment infuscated. 
Males: parafrontals posterior portion sepa- 
rated distance equal least the diameter 


Muscina (Pararicia) pascuorum (Meigen) 
Musca pascuorum Meigen, 1826, Syst. Beschr., vol. 
The subtruncate apex the lower calyptrae 
(fig. will readily separate this dark-legged, 


slightly bluish species from other Muscina 
(sensu lato). The reddish color the sides 
the basal male abdominal tergites 


presence single pair prescutellar acrostical 
bristles the females used Stein (1916, pp. 
separate this species from pabulorum 
are not constant the Nearctic material studied. 

Notes based specimens from: Minne- 
sota, Michigan, Maine, Pennsylvania, Connecti- 
cut, New York, Maryland, Virginia, and Georgia; 
Ontario, Germany and Sweden. 


Muscina (Pararicia) pabulorum (Fallén) 
Musca pabulorum Fallén, 1823, Dipt. Suecia, Muscides, 

51. 

This species and pascuorum differ from other 
Muscina (sensu lato) having the fourth wing 
vein strongly curved forward and terminating 
slightly distinctly before the wing tip, 
Séguy, 1923, 352, figs. 751, 752; Curran, 
1934, 397; Roback, 1951, 349, fig. 112) 
and having scutellar setulae the basolateral 
declivities continued onto least the outer edge 
the ventral surface. 

The rounded apical margin lower calyptrae 
and their distinct separation from the base the 
scutellum (fig. will readily separate this dark- 
legged species from pascuorum. 

The shape the lower calyptrae, well 
the body and appendage color pabulorum 
similar most western specimens dorsilinea. 

similarity further seen the strongly 
curved fourth wing vein which sometimes termin- 
ates the wing tip dorsilinea. However, 
presence distinct hairs the edge the 
ventral surface the scutellum and the dark 
color the epaulet and basicosta pabulorum 
will separate from the latter species. 

Dodge (1950, 341) has recorded this Pala- 
earctic species from New York, Ohio, Massa- 
chusetts, Montana, and Arizona. 

New York (ex Dodge material); Germany, 
Sweden and France. 


Muscina (Muscina) assimilis (Fallén) 
Musca assimilis Fallén, 1823, Dipt. Sueciae, Muscides, 

56. 

The dark brown black legs, palpi, antennae, 
basicosta, epaulet and the pale margins the 
rounded lower calyptrae, coupled with the weak 
forward curvature the fourth wing vein (cf. 


Annals Entomological Society America 


[Vol. 


Séguy, 1923, 352, fig. 753) will distinguish 
this species from other Muscina sensu lato. 

Occasional specimens assimilis have the 
setulae descending further ventrad the de- 
clivitous portion the scuteilum than other 
species Muscina {Muscina), but have never 
seen any individual which has them continued 
onto the edge the ventral surface Muscina 
(Pararicia). 

Most males from the western United States 
have the frontal vitta its narrowest part 
least equal the width the anterior ocellus, 
while midwestern and eastern specimens have 
the frontal vitta obscured the contiguous 
subcontiguous parafrontals. This western form 
suggestive coesia Meigen (cf. Pandellé, 1898, 
48), but examination type material and 
rearing experiments would desirable before 
recognized distinct from assimilis. 


Muscina (Muscina) flukei, new species 

Male.—Length, mm. Head black, grayish 
pruinescent except the very narrow, velvety, 
black frontal vitta. narrowest part front, 
eyes separated distance equal that across 
posterior ocelli inclusive, the parafrontals sub- 
contiguous dorsal (posterior) half. With 
complete row 12-18 pairs parafrontal 
bristles which are almost uniform length and 
nearly long the strong pair anterior 
ocellar bristles, between which are interspersed 
several shorter pairs setulae. profile, the 
juncture parafacials and parafrontals slightly 
longer than the greatest aristal diameter and the 
parafacials narrowed below distance equal 
the aristal diameter. Cheeks about high 
width third antennal segment. Palpi 
light dark brown. First and second antennal 
segments brown brownish black, the third 
black. Longest aristal hairs 0.6 long 
length third antennal segment. Proboscis 
subshiny, brownish black. bare. 

Thorax black, sparsely bluish gray pruinescent 
and very indistinctly quadrivittate, apex 
centrals 2:4; intraalars prealar subequal 
notopleurals, and with notopleural setulae 


EXPLANATION PLATE 


Fic. fulvacrura lateral view male copula- 
tory appendages. 

Fic. Muscina pascuorum, male, dorsal view left 
calyptra. 

Fic. pabulorum, male, dorsal view left 
calyptra. 

Fic. ventral (caudal) 
view male copulatory appendages. 

Fic. scabra, ventral (caudal) view 
male copulatory appendages. 

Fic. marguerita, lateral view male 
copulatory appendages. 

Fic. scabra, lateral view male cop- 


ulatory appendages. 


cent the posterior bristle. Scutellar clothing 


Muscina and Dendrophaonia 
Fred Snyder 
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setulae descending only middle the de- 


pteropleura bare. Prosternum bare with ex- 
tremely short, fine lateral hairs. Anterior and 
posterior thoracic spiracles with brownish 
black flap-like covering hairs; the posterior 
spiracle with two three stronger setulae the 
posteroventral corner. Hypopleura 
bare, preepisternum hairy. 

Legs black, the tibiae somewhat brownish 
black. Fore tibiae without 
Mid femora with irregular row short antero- 
ventral bristles basal two-thirds, and row 
stronger posteroventrals; without apical 
preapical bristles any the anterior surfaces. 
Mid tibiae with weak anterodorsal the apical 
third and with two strong submedian posterior 
bristles. Hind femora with three strong antero- 
ventrals the apical fourth and few shorter 
and weaker ones which extend the basal half, 
but without posteroventral bristles. Hind tibiae 
with two three moderately strong and six 
eight shorter anterodorsal bristies, with two 
three submedian anteroventrals, and distinct 
posterodorsal the apical fourth, basad 
which there are few weaker setulae. 

Wings subhyaline, the membrane faintly and 
narrowly brownish-tinged adjacent the longi- 
tudinal veins. Epaulet black. 
All veins, except costa, bare. 
tudinal vein gradually curved forward apically 
and terminating distinctly behind wing tip. 
Posterior cross vein very slightly 
Calyptrae hyaline, the margins deep brown 
black. yellowish brown, the stalk 
base knob darker brown. 

Abdomen black, densely gray pruinescent and 
with faint, narrow, median vitta. 

Type Material: Holotype, male, Cameron Pass, 
Colorado, July 26, 1936, American Museum 
Natural History; paratypes: one male, Dagget 
Pass, Douglas County, Nevada, August 29, 1952, 
(R. Bohart), California Ag. Expt. Station 
collection, Davis, California; one male, Straw- 
berry, Eldorado County, California, July 28, 
1950 (M. Gardner), author’s collection. 

The holotype, without collector label, was 
taken Prof. Fluke whom this species 
respectfully dedicated with gratitude for his 
inspirational teaching. 

There are two females from Portland, Oregon, 
May 1951, submitted Dr. Dodge which are 
probably conspecific, but these are not included 
the type series because their poor condition. 
They agree with the males having the calyptral 
margins darkened and the dark body color over- 
laid with bluish pruinescence; but differ from 


hypopleura anterior spiracle (see van Emden, 
1941, 252). 

‘The subtriangular portion hypopleura above hind 
coxae, the posteroventral corner hypopleura (see 
Snyder, 1954, 3). 
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males having the palpi and the apex scutel- 
lum more fulvous than brown and possessing 
four well defined, subshiny, thoracic vittae. The 
submedian anterodorsal bristle absent the 
mid tibia the single female specimen which 
still possesses mid leg. 


Muscina (Muscina) dorsilinea (van der Wulp) 


Clinopera dorsilinea van der Wulp, 1896, Biologia Centrali 

Americana, Diptera, vol. 308. 

Muscina aurantiaca Hough, 1899, Biological Bull., 25. 

The light yellow fulvous epaulet, basicosta, 
palpi, and the partly reddish antennae, coupled 
with the dark legs, will distinguish this species 
from other Muscina sensu lato. The fourth wing 
vein more distinctly curved forward than 
other Muscina (Muscina) and often enters the 
costa slightly anterior the wing tip which 
might cause some confusion with Muscina 
(Pararicia) unless primary consideration given 
the dark color the epaulet 
and the presence setulae the edge the 
ventral surface the scutellum Muscina 
(Pararicia). 

The posterior cross vein straight slightly 
sigmoid all specimens dorsilinea studied, 
but correlation the degree curvature 
this cross vein with that the fourth longitudinal 
vein either sex, geographic distribution 
color the third antennal segment could 
found. However, there tendency for speci- 
mens from the southeastern United States 
have the dark portion the third antennal seg- 
ment reduced brownish apical shadow, and 
those from the western United States have 
infuscated almost base arista. 

The single female dorsilinea not the 
der Wulp, material the British 
Museum (Natural History); but thanks the 
suggestion Dr. van Emden and the acumen 
Meije.e collection the University Amster- 
dam. This specimen (Amula, Guerrero, 6,000 
ft., Sept., Smith) does not bear type 
label, but since Wulp’s determination label 
attached, and because the specimen agrees with 
Wulp’s description, consider the type. 

Specimens, which are probably cotypes 
Muscina aurantiaca Hough from Tifton Georgia, 
were examined several years ago the Chicago 
Natural History Museum, and these are, 
believe, conspecific with the female type 
dorsilinea, although the third antennal segment 
dorsilinea more extensively infuscated than 
the cotypes This darkened 
area the type dorsilinea less extensive 
than material from California, Wyoming and 
South Dakota. 

Notes based specimens from: California, 
New Mexico, Wyoming, South Dakota, Alabama, 
Georgia, Florida and Mexico. 
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Snyder: Muscina 


Muscina (Muscina) fulvacrura, new species 

Male:—Length 6.25-6.50 mm. 
silvery gray pruinescent; cheeks and oral margin 
yellow reddish brown ground 
frontals contiguous the dorsal half; 
rowest part front, the eyes separated 
distance equal that across posterior ocelli 
inclusive. With complete row subequal 
parafrontal bristles which extend least apex 
ocellar triangle and sometimes opposite 
the anterior ocellus, the bristles the anterior 
portion parafrontals cruciate, those pos- 
terior part proclinate but the most posterior pair 
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Thorax infuscated, grayish pruiniscent, in- 
distinctly quadrivittate; variable portion 
scutellum yellow fulvous. Acrosticals 1-2; 
dorsocentrals 2:4; intraalars prealar bristle 
less than 0.5 long anterior notopleural 
bristle; notopleura with setulae adjacent base 
posterior bristle. Scutellar clothing setulae 
descending only slightly below level marginal 
bristles the basolateral portion the de- 
clivities; sternopleurals 1:2; prosternum, pro- 
pleura, pteropleura and all portions hypo- 
pleura bare. Anterior and posterior thoracic 
spiracles with flap-like covering hairs yellowish 


Fics. 8-14. Ventral (caudal) view male superior forceps Muscina species: stabulans; fulvacrura; 
10. dorsilinea; 11. assimilis; 12. flukei; 13. pascuorum; 14. pabulorum. 


sometimes reclinate. profile, the juncture 
parafacials and parafrontals 
orly distance equal greatest aristal diameter; 
the parafacials almost obscured below juncture. 
Cheeks 1.2 1.3 times high greatest width 
third antennal segment. Palpi entirely ful- 
vous. Antennae fulvous except for the brownish 
arista; antennae inserted opposite the lower 0.4 
eyes and extending opposite their lower 
margin, the third segment about twice long 
second. Longest hairs both surfaces, 
including aristal diameter, long length 
antennae. bare. 


and the posteroventral corner the posterior 
spiracle with few strong, dark setulae inter- 
spersed among the covering hairs. 

Legs entirely fulvous except for reduced brown- 
ish streaks coxae and occasional limited 
brownish shadow basal half less the 
posterior surface fore femora. Fore tibiae 
without median posterior bristle, but with one 
two short, submedian anterodorsal setulae 
which are scarcely longer than the adjacent 
clothing setulae. Mid femora with few short, 
basal anteroventral setulae; one two median 
anterior bristles; series strong ventral 
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posteroventral bristles the basal half; and 
weak preapical posterodorsal and posterior bristle. 
Mid tibiae with two 
Hind femora with complete row anteroventral 
bristles and series posteroventrals basal 
half, all least long diameter femora 
where situated. Hind tibiae with the weak 
posterodorsal calear apical 0.33 0.40 and 
with few weak setulae basad it; with two 
stronger median anterodorsals and with three 
five weaker setulae basad them; with two 
three submedian anteroventral bristles. 

Wings hyaline. Epaulet, basicosta and most 
the thickened basal portion costa and the 
stem vein fulvous. All veins except costa bare. 
Fourth wing vein very gradually curved forward 
(as assimilis) and terminating well behind 
wing tip. cross vein 
sigmoid. Calyptrae pale, margins with faint 
yellowish tinge. fulvous yellow. 

Abdomen infuscated, grayish pruinescent and 
with dark median vitta the first three 
visible tergites; the fourth tergite reddish 
fulvous apically. All tergites with indistinct 
dorsal and lateral checkerings when viewed from 
above and behind. Only the fourth visible one 
with complete row discal and apical bristles. 


setulose, others longer than 
broad. Hypopygium fulvous brownish fulvous. 

Female. Length 7.0 mm. Similar 
male. Front vertex 0.3 head width, slightly 


wider anteriorly; the frontal vitta reddish an- 
teriorly and darkened posteriorly. 
juncture parafacials and parafrontals more 
prominent than male and about 0.3 long 
greatest width third antennal segment. With 
numerous clothing setulae laterad the para- 
frontal bristles. Without cruciate interfrontal 
bristles. Cheeks 1.5 times high width 
third antennal segment; and the antennae ex- 
tending slightly below lower level eyes. 

Hind femora without posteroventral bristles; 
otherwise legs male. 

Fourth wing vein somewhat more abruptly 
curved forward apically than male and thus 
similar the female assimilis. 

Abdomen with the dorsal and lateral checker- 
ings more prominent and the dorsocentral vitta 
less distinct than male. 

Type Material: Holotype, male, Mill Creek, 
Walla Walla, Washington, July 2-6, 1922 (A. 
Melander); allotype, female, same data 
type; both United States National Museum. 
Paratype: one male, Lamar, Colorado, June 
1919, F4344.A, 38° about 102° 
Natural History. 

There are two male and three female specimens 
from Wheatland, Wyoming, August 1950 (D. 
Denning) submitted Dr. Dodge, 
which are doubtless conspecific, but are not in- 
cluded the type series because their damaged 
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condition often associated with specimens 
taken fly traps. 


Muscina (Muscina) stabulans (Fallén) 


Musca stabulans Fallén, 1823, Dipt. Sueciae, Muscides, 

52. 

The entirely fulvous tibiae and palpi, the pre- 
dominately dark antennae which have reddish 
area adjacent juncture second and third 
segments, and the relatively strong forward 
curvature the fourth wing vein (cf. Séguy, 
1923, 352, fig. 754; Curran, 1934, 398, fig. 
58; James, 1948, 135, fig. 78A) will distinguish 
this species from other Muscina. The femora 
color quite variable; the fore pair are more 
extensively darkened than the mid 
pair and the latter have the dark portion varying 
from limited basal area the basal three- 
fourths. 

The distribution this cosmopolitan species 
has been given James (1948, 136) and its 
minor economic role briefly reviewed Lewallen 
(1952, 515). 


Genus Dendrophaonia Malloch 
1922, Trans. Amer. Ent. Soc., vol. 48, 237. 


This name was proposed for group Phaonia 
Robineau-Desvoidy (1830, 482) species having 
strong upwardly directed bristle the lower 
anterior portion cheeks; males with long and 
short anterodorsal bristles hind tibiae, and 
the anteroventral and posteroventral surfaces 
with long hairs; females with long, forwardly 
directed, supraorbital bristle. 


KEY NEARCTIC DENDROPHAONIA 
Longest aristal hairs shorter than greatest aristal 
diameter; third and fourth longitudinal wing veins 
Longest aristal hairs distinctly longer than greatest 
aristal diameter; third and fourth longitudinal 
wing veins divergent apically................. 
Males: Hind femora with single, stout, isolated, 
median posteroventral bristle. Females: with 
median abdominal stripe and lateral checkerings 
when viewed posterolaterally............ 
Males: Hind femora without single, stout, iso- 
lated posteroventral bristle. Females: Abdomen 
uniformly gray pruinescent, without median 
stripe lateral checkerings............... scabra 


Dendrophaonia marguerita, new species 


Head black, gray- 
ish silvery pruinescent; frontal vitta with 
slightly brownish pruiniscence; the parafrontals 
not silvery the parafacials. Front 
narrowest part 0.6 0.9 wide length 
third antennal segment; narrowest part, the 
frontal vitta slightly wider than distance across 
posterior ocelli inclusive and parafrontals not 


male specimens tracing have several 
strong preapical anteroventral thorn-like bristles fore 
femora, see notes end this paper. 
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quite wide diameter anterior ocellus. 
With complete row slender parafrontal 
bristles which extend opposite anterior ocellus, 
the bristles becoming gradually 
teriorly and all being shorter than the strong 
anterior ocellar bristles. 

Juncture parafacials and parafrontals 
long greatest width third antennal segment, 
the parafacials narrowed one-half this distance 
below. Cheeks 0.7 0.8 high width 
third antennal segment, and with single, 
strong, upwardly curved bristle the lower an- 
terior portion which least long length 
antennae and almost long vibrissa. 
Antennae black, inserted opposite middle eyes 
and extending not quite opposite their lower 
level; third segment 1.7 2.0 times long 
second. Arista almost bare, the longest hairs 
only long diameter. Palpi 
black. bare. 

Thorax black, grayish brownish gray 
pruinescent, indistinctly trivittate. Acrosticals 
dorsocentrals 2:4; intraalars prealar 
very short; notopleura without setulae adjacent 
base either bristle; scutellar setulae descend- 
ing below level marginal bristles but not invad- 
ing ventral surfaces; sternopleurals 1:2, the 
anterior and the lower posterior ones subequal 
and distinctly shorter than the upper posterior 
one. Prosternum, propleura, pteropleura and 
entire hypopleura bare. 

Legs black, articulation the fore femora and 
tibiae somewhat brownish. Fore femora normal; 
fore tibiae without median bristles. Mid femora 
without well developed bristles any the 
ventral surfaces and with only preapical pos- 
terodorsal and posterior bristle; mid tibiae with 
two median posterior bristles. Hind femora 
with four seven well developed anteroventral 
bristles apical fourth third only, and with 
some moderately long, slender posteroventral 
setulae base, the preapical posteroventral 
setulae regular series apical fourth but 
none conspicuously longer than diameter 
femora where situated; with without few 
short posteroventral setulae between base and 
apex. Hind tibiae with two four short antero- 
dorsal bristles between which some the clothing 
setulae are sometimes longer than usual, with 
three five short anteroventral bristles 
median half two-thirds, posterodorsal calcar 
about third and with one three 
shorter bristles basad it, and with few short, 
slender posteroventrals median half. Fore 
tarsi with few scattered ventral sensory hairs. 
Pulvilli and claws moderately well developed. 
Hind coxae bare above. 

Wings faintly brownish hyaline, the veins 
brown. Costal thorn and setulae very short; 
other veins bare the third and fourth convergent 
near apex, the former ending slightly before wing 
tip and the latter well behind. Anterior cross 


vein inserted opposite apical two-thirds 
discal cell. Posterior cross vein slightly bowed 
middle. Calyptrae hyaline, with faint 
brownish yellow tinge. Knobs halteres in- 
fuscated, stalks brownish. 

Abdomen black, grayish pruinescent and with 
median dark vitta all segments; when 
viewed from the side and behind, this vitta ap- 
pears triangular and covers much the apical 
portion the third visible tergite. The apical 
margins second fourth tergites subshiny; 
each with row apical bristles which become 
longer each succeeding tergite. Fourth ter- 
gite with distinct row discals which are 
shorter than the apicals third fourth tergites 
and row shorter discals third. Basal 
sternite bare. 

Type Material: male, Big Lake, 
Minnesota, September 27, 1948 (F. Snyder) 
American Museum Natural History; 
paratypes: males, same data type. 

All specimens, though not noted lo- 
labels, were collected tree trunks along 
the northeastern shore Eagle Lake Sher- 
burne County, Minnesota. 

The almost bare arista and the slight forward 
curvature the fourth wing vein suggest possible 
affinities this species with Hydrotaea Robineau- 
Desvoidy (1830, 509), although lacks the 
characteristic modified fore femora that 
genus. possible that the unknown female 
will difficult distinguish from 
especially has cruciate interfrontal bristles, 
and very narrow cheeks. The males this 
species differ from all other Nearctic Dendro- 
phaonia having the anterior pair ocellar 
bristles strongly developed. 

This species dedicated Marguerite Jenks 
Snyder appreciation her sympathetic 
understanding and help. 


Dendrophaonia scabra (Giglio-Tos) 

Spilogaster scabra Giglio-Tos, 1893, Boll. Mus. Zool. 
Anat. Univ. Torino, (147) 1894, Ditteri del 
Messico, pt. 25. 

Spilogaster hilariformis Stein, 1897, Berliner Ent. Zeit- 
schr., 42: 196. 

Hydrophoria hilariformis Stein, 1904, Ann. Mus. Natl. 
Hungarici, 474. 

Phaonia hilariformis Stein, 1920, Archiv. Naturgeschr., 
(A) (1918): 17. 

Dendrophaonia hilariformis Malloch, 1922, Trans. Amer. 

Ent. Soc., 48: 237. 


and color characters exists this species. The 
narrowest (measured) portion the male front 
ranged from 0.100 0.163 the maximum head 
width. some specimens the parafrontals are 
relatively broad and account for most the 
frontal width, but others they are narrow and 


the frontal width mostly attributable 


breadth the frontal vitta, but correlation 
these two factors the variable frons/head 
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ratio was apparent. 
completely black (limited area hind tibiae 
only reddish) nearly fulvous (femora, tibiae 
and coxae largely entirely brown fulvous). 
correlation this variable leg color and 
frontal width was observed. 

However, there tendency for specimens 


Legs vary from almost 


from central Florida, southern Louisiana and 
Texas, and Mexico have the legs more fulvous 
than specimens from Georgia, Maryland and 
Wisconsin. Specimens taken early the spring 
the latter two states have darker legs than 
those collected later the season the same 
areas. similar trend was observed between 
seasonal geographical distribution 
tion frontal width. 

Dorsocentrals are normally but enough 
individuals with four postsutural dorsocentrals 
one both sides were studied make this 
undesirable diagnostic character. 

The cotypes Spilogaster scabra Giglio-Tos 
were examined through the courtesy Pro- 
fessors Drs. Arcangelli and Goidanich the 
University Turin. These four males and two 
females are somewhat damaged, but agree with 
specimens from the southern United States having 
fulvous tibiae and extensively brownish fulvous 
brown femora. Since gradations occur the few 
color and structural characters which separate 
these from typical hilariformis Stein, consider 
the latter only form scabra. 

Notes based 125 specimens from: Cali- 
fornia, Texas, Louisiana, Wisconsin, 
Pennsylvania, Maryland, Virginia, Georgia, Flor- 
ida, Mexico and several hundred laboratory 
reared specimens from 
started Savannah, Georgia and generously 
made available Dr. Dodge. 


Dendrophaonia querceti (Bouché) 
Antohomyia Bouché, 1834, Naturgesch, Ins., 

vol. 82. 

Phaonia querceti Stein, Naturgesch., (A) 

81, (1915): 34. 

Dendrophaonia querceti Malloch, 1922, Trans. Amer. Ent. 

Soc., 48: 237. 

The key characters are the only ones which 
have been found separate all specimens 
and scabra studied. More variable, but 
often useful ones are: dorsocentrals generally 2:4 
and scabra; beret hairs present 
most specimens but absent 
all scabra; legs entirely black querceti, but 
usually with some portion the hind tibiae 
other portions legs reddish fulvous 
scabra. 

Males and females have strong, 
submedian posteroventral bristle the hind 
femora, but only the females scabra have 
comparable bristle, and often quite short. 

Notes based specimens from: New 
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York, Maryland, Georgia, Wisconsin, Minne- 
sota, Colorado, Washington and Germany. 


Dendrophaonia setifemur (Stein) 
Phaonia setifemur Stein, 1916, Archiv. Naturgesch., 

sect. vol. (1915): 27. 

(1949, 140) has noted that this 
northern European species belongs Dendro- 
phaonia. noted here because might 
found North America with increasing knowl- 
edge the Arctic and Subarctic fauna. 
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REVISION THE GENUS AEOLOPLIDES (ORTHOPTERA, ACRIDIDAE) 


HERBERT WALLACE 
Department Biology, Franklin College, Franklin, Indiana 


INTRODUCTION 


The major part this study was carried out 
the University Kansas 1946-48 under 
the direction Dr. Beamer, thesis 
problem for the Master Arts degree. the 
University Michigan 1953-54, with the 
assistance Dr. Hubbell, some uncertain 
points were cleared and the manuscript was 
brought date and prepared for publication. 
Examination was made 2,283 specimens 
the seven species and one subspecies the 
genus. 

The plan was work out the systematics 
the genus the basis phallic structures 
far possible. The phallic structures the 
Melanopli general have been found 
valuablé systematic work (Hebard, 1936; 
Hubbell, 1932; Roberts, 1941). this regard, 
Hubbell (p. said: some difficult genera, 
where reliable new characters would welcome, 
specific differences are slight, though good generic 
characters This study confirms Hubbell’s 
opinion. was found that the genus could 
easily separated into two apparently natural 
groups species the basis phallic structures, 
but some the species each group could not 
separated this basis with certainty. Clear 
and dependable specific characters were found 
elsewhere the body, however, the genus need 
longer considered difficult. 
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The 495 specimens the Museum Zoology 
the University Michigan were made avail- 
able through the courtesy Theodore Hubbell, 
Curator Insects and Professor Entomology, 
while the writer was resident the campus. 

The Snow Entomological Collection the 
University Kansas contained 134 specimens 
and these were made available Raymond 
Beamer, Curator Insects and Professor 
Entomology. The 1232 specimens the genus 
collected the University Kansas Biological 
Survey 1947 for this study have been in- 
corporated into the Snow Collection also. 

Dr. James Rehn has been very helpful 
throughout this study, giving valuable advice 
and criticism. Help was also cheerfully given 
Dr. Irving Cantrall the University 
Michigan, Dr. Strohecker the University 
Miami, and Dr. Severin the South 
Dakota State College. 

Gratitude especially due Dr. Raymond 
Beamer, under whose direction most this 
work was done. His experience and patience 
were major factors shaping the work. 
arranging the 1947 University Kansas Bio- 
logical Survey that every species and sub- 
species the genus could collected consider- 
able numbers, provided sufficient specimens 
make the results this study dependable and 
the distributions fairly well defined. 

The help Dr. Herbert Hungerford, Pro- 
fessor Entomology and emeritus Head the 
Department Entomology the University 
Kansas, very much appreciated. addition 
his providing excellent place which 
work and the best equipment, his teaching 
established much the background necessary 
for this research. 

For the awarding the Edward Walker 
Scholarship for two semesters post-doctoral 
study the Museum Zoology the Univer- 
sity Michigan, sincere thanks are extended 
the late Dr. Speed Rogers, Director the 
Museum Zoology, and Dr. Theodore 
Hubbell, Curator Insects the Museum. 

Dr. careful and 
criticism the manuscript 
much its form and usefulness. Errors and 
omissions, which hoped are very few, are 
strictly the responsibility the writer. 


THE UNIVERSITY KANSAS BIOLOGICAL 
SURVEY 1947 
order secure adequate material for this 
study, the collection the various forms 
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Aeoloplides their areas known and probable 
distribution with particular attention type 
localities, was made part the University 
Kansas Biological Survey for the summer 
1947. All the members the party collected 
Aeoloplides wherever they were found, though 
each was assigned certain orders insects for 
special attention. 

The personnel the survey party consisted 
of: Dr. Raymond Beamer, Professor En- 
tomology the University Kansas and head 
the party; Mrs. Lucy Beamer, wife Dr. 
Beamer, good collector and excellent camp 
cook and general manager; Mrs. Ann Michiner, 
student junior year; Robert Elbel and 
Roger Olmstead, students sophomore 
vear; and the writer, graduate student. 

The party traveled Ford sedan with large 
metal trailer. With but few exceptions, the 
nights were spent camped the open. The 
party left Lawrence, Kansas, June 17, collected 
through Texas, New Mexico, Arizona, California, 
Nevada, Utah and Colorado, returning 
Lawrence, August after covering more than 
7,000 miles and collecting 1,232 specimens 
The route this trip shown 
the map, plate IV. 


STATUS THE NAME AEOLOPLIDES 

The valid name the genus has been 
question since Caudell (1915) proposed the new 
name Aeoloplides replace the name Aeoloplus 
Scudder (1897). 

The genus Aeoloplus was first named and de- 
scribed Scudder (1897a, 199) key 
genera North American Melanopli. page 
205 this same paper very briefly outlined the 
distribution the genus and listed four in- 
cluded species. did not designate genero- 
type mention specimens any specific locality. 
listing the included species, Scudder stated: 
“There are ten species, which those already 
published are regalis Dodge, chenopodii 
turnbulli Thom., and plagosus these, 
Aeoloplides turnbullii (Thomas) 1872, and 
regalis Dodge (1876, 11) Melanoplus. 
the introduction this paper, Scudder stated: 
“In extended paper upon the Melanopli 
(Pezotettiges Brunn.) published the 
National Museum, have treated this 
group monographically, with descriptions each 
genus and species, accompanied keys for their 
His Revision the Melanopli 
was therefore expected follow after some 
interval time. 

Scudder (1897b, pp. published identical 
copy his key the genera Melanopli, but this 
time did not list Aeoloplus new genus and 
did give reference his first 1897 paper 
the “List the although not 


specifically connection with the name 

Also the same year, 1897d, Scudder’s 
“Revision the was published, de- 
scribing the genus Aeoloplus new and making 
mention the earlier paper which the genus 
was also described new. This bibliographic 
reference was given only foot note the 
first page the key the genera (p. and 
without specific reference Aeoloplus. Also 
Scudder made reference his 
North American The keys the 
genera the Melanopli the three 1897 papers 
are identical. this later paper (1897d) 
designated generotype Aeoloplus 
with these words: regalis may 
taken the This subsequent desig- 
nation the author the genus, not original 
designation. was proper designation tech- 
nically since regalis Dodge was listed one 
the originally included species without any in- 
dication doubt the identity specimens 
the affinities the species, but was ill 
advised because the doubt expressed this 
later paper. his discussion the species, 
Scudder revealed that was not sure the 
specimens before him were this species. 
matter fact, had specimens Caloptenus 
regalis Dodge 1876 among the male and 
female acridids which lists under 
regalis Dodge”’ his the 
(1897d, 72). The specimens before Scudder 
almost certainly consisted specimens 
the two subspecies 
(Thomas) 1872 and one female Aeoloplides minor 
(Bruner) 1904. The localities for the speci- 
mens preclude the possibility their being any 
other species Aeoloplides and the single 
ceptionally female from Grand Junction, 
Colorado must have been minor because 
assigned species described long-winged 
and the only other species found that locality 
Bruner 1894) short-winged and was 
adequately described this same paper. 

Later, Caudell (1907) established that Calopte- 
nus regalis Dodge Melanoplus and, 
explained: “Thus the insect described 
Aeoloplus Scudder is, from nomenclatural 
standpoint, without name. The specific name 
bruneri therefore proposed for Caudell 
did not mention specimens types. this 
point becomes evident that Aeoloplus must 
considered synonym Melanoplus because 
regalis Dodge, its generotype subsequent desig- 
nation and unquestionably one the originally 
basis this synonymy, evident that the 
species bruneri Caudell and its relatives were 
that time without valid generic name. Caudell 
did not indicate the synonymy with Melanoplus 
this time. establishing the affinities 
regalis, Caudell cited Scudder’s ‘‘Revision the 
reference, suggesting that was 
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not aware the earlier description 
the Proceedings the American Academy 
Arts and Sciences. 

his catalogue Orthoptera, Kirby (1910, 
500) correctly cited Scudder’s three 1897 papers 
Dodge member the genus Aeoloplus, and 
incorrectly designated turnbullii Thomas the 
generotype. Also placed bruneri Caudell 
the genus Asemoplus (p. 507). 

Next Rehn and Hebard (1912, 76) listed 
Aeoloplus regalis Scudder (nec Caloptenus regalis 
Caudell and designated one Scudder’s syn- 
types, male from Lakin, Kearny County, 
Kansas, the single type. Apparently Rehn and 
Hebard were not aware the original description 
Aeoloplus and were basing their work the 
supposed original description Scudder’s Re- 
vision the Melanopli, Caudell had done. 
They listed this paper bibliographic 
reference. only the Revision were considered 
there would justification for retaining the 
name Aeoloplus valid and considering bruneri 
the generotype. However, the basis the 
true such stand would 
untenable because regalis Dodge was cited 
without question originally included species. 

1915 Caudell (p. 28) proposed the new 
name Aeoloplides for the species which had been 
included Aeoloplus, stating that Aeoloplus 
synonym Melanoplus its 
generotype (erroneously stated original 
designation) Melanoplus. made Pezotet- 
tix chenopodii Bruner the generotype Aeolo- 
plides original designation. apparent 
that Caudell was still working the basis 
the description the Revision the Melanopli 
and had not gone back Scudder’s original 
description his first 1897 paper, where 
generotype had been designated. did not 
give bibliographic reference Aeoloplus 
this paper. 

Hebard, 1919 (pp. 262-263), maintained 
that Aeoloplus was the valid name the genus 
and placed synonymy the Aeoloplides 
Caudell. explained his stand 
“The above the result Caudell’s 
misinterpretation the original type designation. 
The type the genus not ‘Caloptenus regalis 
original designation,’as stated that author. 
Scudder gives Aeoloplus regalis type, without 
further citation author. This species 
Aeoloplus regalis Scudder and not Caloptenus 
regalis Dodge. Scudder had species 
which described and referred regalis 
Dodge, but with uncertainty, his comments 
page show. Had Scudder given 
regalis Dodge genotype, Caudell’s action 
would have been correct; but the species 
described Scudder, not 
which Scudder designated genotype. has 
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been ascertained that Caloptenus regalis Dodge 
member the genus Melanoplus; Aeoloplus 
regalis Scudder has been correctly renamed 
Caudell, and now stands Aeoloplus bruneri 
Caudell, type the genus 

this paper, Hebard cited his first reference 
Aeoloplus, Scudder’s first 1897 paper the 
Proceedings the American Academy Arts 
and Sciences, and second, the Revision the 
Melanopli. Therefore the true original de- 
scription Aeoloplus had been finally recognized, 
but Hebard apparently did not realize the full 
implications this paper because still based 
his argument Scudder’s Revision the Mel- 
anopli, shown his reference page 
that paper, and the fact that did not 
see that Scudder was not one 
the originally included species the genus and 
therefore could not the generotype, nor could 
its new name, Aeoloplus bruneri Caudell, the 
generotype. 

Aeoloplides has been used only once valid 
name the literature since was proposed 
Caudell. Henderson (1941) used the name 
valid and quoted letter from Hebard (Feb. 21, 
1941) indicating that would longer 
opposed the name Aeoloplides. letter 
Hubbell 1941, Hebard also stated that 
Aeoloplides must used and Aeoloplus placed 
this writer, dated April 30, 1948, Rehn 
expressed this same opinion. 

Thus appears well established and accepted 
recognized authorities that Aeoloplides 
the valid name the genus and 
chenopodii Bruner 1894 its generotype. Much 
this mix-up would have been avoided the 
name Aeoloplus had been published 
only once, and the remainder the 
difficulty would have been obviated positively 
identified species had been selected the genero- 
type. Also, the citing bibliographic references 
some the authors would have helped. 


SPECIES FORMERLY INCLUDED THE GENUS 
Three species addition regalis Dodge 
(1876, 11) were formerly included 
but are not now included Aeoloplides. These 
are: crassus Scudder (1902, 42), placed 
synonym Melanoplus regalis (Dodge) (1876, 
11) Hebard (1929, 383); arcuatus Rehn 
(1902a, 146), placed synonym Oedaleono- 
tus tenuipennis (Scudder) (1897c, 12, originally 
described Melanoplus) Hebard notes 
the possession Hubbell and with the 
letter the writer (April 30, 1948); and uniformis 
(1897d, pp. 77-78) which cannot 
synonym Aeoloplus tenuipennis placed 
Hebard apparently the basis distribution 
(1935, 300), but evidently synonym 
Poecilotettix longipennis (Townsend) (1893, 30). 


| 

ae 

ae 

| 

ae 

a 
a 
4 
: 
ae ay 


456 Annals Entomological Society America 


original description uniformis agrees 
perfectly with specimens deter- 
mined Hebard and Hubbell and does not agree 
some characters with specimens 
pennis. Search the literature failed reveal 
that Melanoplus tenuipennis Scudder (1897c, 
12) has been previously assigned Oedaleonotus 
publication. 


RELATIONSHIPS THE SPECIES 

The distributions the several species appear 
fan out into three distinct regions from ex- 
treme southern New Mexico, where elegans 
found. Variation taxonomic characters ap- 
pears follow these three geographic groupings 
and, general, diverge more widely from 
the characters elegans the variations are 
found farther from that species. For these 
reasons seems probable that all the species 
are derived from ancestral Mexican 
The eight recognized forms Aeoloplides can 
separated into two well defined and apparently 
natural groups primarily the basis phallic 
structures but also external characters and 
distribution. 

The first, elegans group, has the shaft the 
aedeagus with the flexure broadly rounding and 
close the base the fork, the tooth the 
inner posterior corner the hind coxa well 
developed the male and nearly equilateral 
triangle (either obtuse acute), and nearly 
linear north-south distribution centrally located 
with respect the forms the second group. 
this first group, elegans believed close 
the ancestral Mexican stock because, 
addition having several characters which are 
absent some the species and variously 
developed others, closely resembles the 
single specimen fron San Luis Potosi, Mexico; 
furthermore located the southern 
part the distribution the genus. the 
remaining two closely related species this 
group, rotundipennis considered more primitive 
than chenopodii because the coxal tooth the 
former more prominent, the tegmina are not 
greatly reduced, the head and pronotal stripes 
are more distinct and the dorsum without 
flecking; also the more southern distribution 
places less demanding environment. 

The second, turnbullii group, has the shaft 
the aedeagus with the flexure well removed 
from the base the fork and either abruptly 
rounding (in californicus) right-angled elbow 
(in turnbullii, tenuipennis and minor); the coxal 
tooth modified from the primitive form 
that the median side nearly parallel with 
the side the coxa californicus, very low 
and broad turnbullii, and nearly obsolete 
tenuipennis and minor. The distribution 
such that the forms turnbullii are east the 
continental divide and the remaining three 
species (californicus, tenuipennis and minor) are 


grouped west the Rocky Mountains. 
californicus probably the most primitive form 
the group, not greatly divergent 
from the hypothetical ancestral stock ap- 
proximately represented elegans. The aedea- 
gal shaft intermediate between that the 
elegans group and the remainder the turnbullii 
group, while the median fork the aedeagus 
resembles that minor and turn- 
shape the large coxal tooth 
the male unique the genus, but size 
resembles that elegans. The right-angled el- 
bow the aedeagal shaft and the marked re- 
duction absence the coxal tooth place 
tenuipennis, minor and turnbullii together, distinct 
from and more specialized than californicus. 
The presence furcula, more primitive 
character, also distinguishes these three species. 
The presence the femoral wedge 
absence the coxal tooth place tenuipennis and 
minor very related and more specialized 
than the other members the turnbullii group. 
The pronounced morphological variation 
tenuipennis, the usually much longer tegmina, and 
the much greater and primarily more southern 
distribution place this species less specialized 
than minor. Both subspecies have 
departed radically from the hypothetical ancestral 
behavior that they are more ground-inhabiting 
and less gregarious. Also the body usually 
larger than any other species the genus 
and more robust than typical, the coxal tooth 
present but greatly reduced and very obtuse, 
and femoral wedge has been developed. 
the two subspecies, bruneri considered the 
more primitive because the greater develop- 
ment the wings, the more pronounced markings, 
and the more southern distribution the plains 
area. 

The hypothetical relationships the species 
are indicated the accompanying diagram. 


METHOD STUDY AND PRESENTATION 


Pinned and labelled cabinet specimens were 
used for this study. The genitalia dissections 
were made the manner described Roberts 
(1941, 203). The dissections were made 
under stereo-microscope, usually with magnifi- 
cation diameters, though and di- 
ameters were used examining some the 
material. After removal, the phallus was heated 
10% KOH and the soft parts teased away 
from the membranes and sclerites. Some later 
dissections were cleared overnight chloralacetic 
(chloral hydrate, g.; water, cc.; acetic acid, 
cc.) instead heating KOH and this gave 
better results. 

was found necessary remove the right 
halves the aedeagi from some the phallic 
masses and mount them slides order 
see the details necessary. identification were 
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the only objective such removal would not 
necessary. 

The drawings the aedeagi and epiphalli are 
tracings from photographs structures which 
were stained safranin, fixed KOH, and 
mounted diaphane slides. The lophi 
each epiphallus were pressed flat the same 
plane the epiphallic plates, although they 
normally project upward nearly right angles 
these plates. The drawings the tegmina 
are tracings from photographs 
mounted dry and untreated slides. All similar 
structures for the several species are shown 
the same magnification that their relative 
sizes can readily compared. 
aedeagi, epiphallic plates, hind coxae and hind 
femora are all shown magnifications suited 
their relative sizes and the characters which 
was desired show. 

The terms used for the phallic structures are 
those Roberts (1941, 204), except where 
some additional terms were necessary. All 


elegans 


HYPOTHETICAL 
ANCESTRAL 
MEXICAN 
STOCK 


californicus 


CAS Academy Science, 
specimens. 

State Entomologist, Den- 
ver, specimens. 

Wallace, specimens. 


KSC State College, 109 specimens. 

NDS Dakota State College, speci- 
mens. 

NSC State College, 
mens. 


SNOW —Snow Entomological Collection, Uni- 
versity Kansas, 1,366 specimens. 

Zoology, 495 specimens. 

USNM —United States National Museum, 168 
specimens. 


the frequent instances incomplete data 
accompanying specimens, the available data are 
given without mention the omissions. 

holotypes were available for this study 


tenuipennis 


minor 


Direction greater specialization 


names structures are labeled the first figure 
showing that structure, except that the parts 
the aedeagus are labeled Plate fig. 

For the measurements tabulated for each 
species, three specimens each sex were selected, 
the largest and the smallest specimen each 
series and specimen judged 
close the mode the size range. All 
the measurements column are taken from 
the same specimen. 

the color descriptions the names colors 
taken from Ridgway’s (1912) Standards 
and Color have the first letter 
each word capitalized. 

for each species, the institutions collections 
which the specimens are located are indicated 
key letters, follows: 


ANSP —Academy Natural Sciences Phil- 
adelphia, specimens. 

CA&M —Colorado College Agriculture and 
Manual Arts, specimens. 


but satisfactory solutions the several problems 
presented were possible spite this because 
types eremiaphila and minor were available 
for dissection genitalia, were topotypes 
near-topotypes most the forms and authentic 
determined material all the forms. The 
original descriptions are fairly good, all the 
forms have limited distributions which overlap 
very little, and large series each form were 
assembled. 


BIOLOGY 


The genus confined the family 
Chenopodiaceae for its chief food plants. The 
species feed some other plants occasion, 
particularly areas where the Chenopodiaceae 
are less abundant. The recorded food plants 
are: saltbush, spp., probably all species 
within the range Aeoloplides; greasewood, 
Sarcobatus vermiculatus (Hook.) Torr.; Russian 
thistle, Salsola kali tenuifolia Tausch., (Gillette, 
1904, 42, pestifera Nels.; al.); pig- 
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weed and lamb’s quarters, Chenopodium spp., 
probably several species, (Bruner, 1893, 28; 
al.); winter fat, Eurotia lanata (Pursh.) 
(Gillette, cit.); sea-blite, Suaeda spp., (Ball, 
Tinkham, al., 1942, 330); bee-plant, Cleome 
sp., (Gillette, cit.); screw-bean tornillo, 
Prosopis pubescens Benth., (Hebard, 1909, 160, 
odorata Torr. Frem.); sugar beet, Beta 
vulgaris L., (Milliken, 1915, pp. 2-3); apple, 
Malus spp., (Bruner, 1894, 163); and wheat, 
Triticum aestivum L.; the last three cultivation. 

The form bruneri has been times 
sufficiently destructive grain, sugar beets and 
other crop plants that control measures were 
needed (Milliken, 1915). Bruner (1894, 163) 
reported that times chenopodii has required 
control measures apple trees. The feeding 
crop plants other than sugar beets was usually 
only certain critical time when the Chenopo- 
diaceae were not available were less succulent. 

Wilbur and Fritz (1942) reported remarkable 
western Kansas. “Intensive Study 
Finney County they found that the 
population 1940 was more than double that 
1939, that this species comprised over two- 
thirds the entire acridid population. 1941 
there was some reduction due unfavorable 
weather hatching time but the species still com- 
prised more than half the acridid population. 
the latter half May, counts 150 
nymphs bruneri per square yard were made. 
“The regular nymphal survey late June and 
the adult survey August covering the sarre 
‘Intensive Study Area’ revealed that the popu- 
lation the thistle hopper had been almost 
completely obliterated. Careful search during 
August resulted the capture only four 
specimens where the year before calculated 
million had been was confirmed 
that the epizootic was present throughout the 
range the species western Kansas and was 
wiping out entire populations this area. The 
epizootic was thought caused bacterial 
virus disease rather than fungus, for 
several reasons: mycelium was found the 
infected grasshoppers, the epizootic was very 
widespread and extremely virulent, and was 
highly specific for the thousands 
dead acridids observed, all but one specimen were 
Wilbur and Fritz give considerable in- 
formation concerning this epizootic the 
behavior infected individuals. 

The present distribution the several species 
the genus can adequately explained the 
basis existing barriers and possible avenues 
distribution. The species are all closely related 
and have limited distributions restricted 
western North America. These facts point 
fairly recent origin, probably more ancient 
than Pliocene, for the genus and its included 


species. far known present, the 
genus well defined. probably had its origin 
Mexico and has spread northward along three 
lines distribution, one each side the 
Rocky Mountains and another 
stretching west California and north Wash- 
ington and Idaho. There are unquestionable 
published records this genus Mexico, though 
certain that least two species (elegans and 
tenuipennis) must common in_ northern 
Mexico near the border, since these species have 
been collected considerable numbers only 
mile two north the border. Bruner 
316) records “Aeoloplus crassus 
from San Luis Potosi, Mexico. This name 
(Dodge). The University Michigan Museum 
Zoology has single female Aeoloplides with 
the data: San Luis Potosi, 43.1 mi. 
NW. Cuidad del Mais, CN170, 3700' Sept. 
1948 Dowling specimen appears 
close and possibly identical with elegans, 
but may represent undescribed species. 
seems very likely that this specimen the 
same species that recorded Bruner 
crassus from the same general locality. 
termination this form must await the aquisi- 
tion more specimens, especially males. 
letter September 1948, Rehn in- 
dicated that material the Philadelphia Acad- 
emy Natural Sciences extends the known dis- 
tribution the genus materially beyond the 
limits shown the imap, plate IV. 

Species this genus thrive best desert and 
steppe regions below 6,500 feet elevation and 
with annual precipitation not more than 
inches. With the exception all 
the known species are almost exclusively shrub- 
inhabiting, living either saltbush greasewood 
except rarely and seasonly under unusual cir- 
cumstances, such the feeding chenopodii 
apple trees near Grand Junction, Colorado. 
Patches shrubs not less than 1,000 square 
yards seem most suitable. Both subspecies 
also inhabit saltbush and greasewood 
where these shrubs are found within their range, 
but they depend much more Russian thistle, 
pigweed and lamb’s quarters, which are forbs. 
When flushed out shrubs, the several species 
will immediately jump into other shrubs after 
landing the ground. They will usually jump 
back into greasewood saltbush after being 
flushed into the open, but they may jump into 
Tamarix other shrubs when these are near. 

Since feeds primarily Russian 
thistle and pigweed has become widely dis- 
tributed over the short-grass prairie region. 
unable follow these plants into more humid 
areas, and Reno Co., Kansas and Lincoln, 
Nebraska mark the easternmost limits this 
species and the genus. Along with the 
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adoption grassland biotype, this species has 
become less gregarious and 
inhabiting. 

The males this genus, least the long- 
winged forms, stridulate. They produce series 
short, abrupt, moderately high-pitched scrap- 
ing sounds, like that produced two pieces 
fine sandpaper rubbed together twice succession 
very lightly and quickly with from two five 
seconds between stridulations: tszt-tszt 
tszt-tszt The stridulation not loud 
and probably would not heard person 
fifteen feet from the insect. 

With the exception and its sub- 
species, all the species are highly colonial, 
living the greasewood and saltbush con- 
siderable numbers within small area (perhaps 
acre), while none may found adjacent 
patches shrubs which appear identical 
with the inhabited patch. With but few ex- 
ceptions, all the individuals certain small 
population are very much alike size and color. 

This resemblance extends even minute 
characters the phallus, characters which are 
otherwise highly variable within 
This taken indicate close genetic relation- 
ship all the individuals within each isolated 
population, with only very rarely introduction 
new genetic constituents from outside the 
colony. the deserts the Southwest the 
colonies are ordinarily from 
100 miles apart. None the species will fly 
for more than perhaps feet, usually much 
less, and some forms cannot fly all. addi- 
tion this, the patches saltbush are often 
widely spaced are the colonies 
that migration from one patch shrubs another 
100 miles away, with food plants between, 
must very rare occurrence. Under natural 
conditions this might accomplished only 
the presence strong winds. the present 
time highway and railway embankments favor 
the establishment and growth patches 
saltbush and greasewood, and Aeoloplides may 
distributed them passing automobiles and 
trains. this connection should noted 
that the two short-winged species have very re- 
stricted distributions. 

collecting the long-winged species (turnbullii, 
elegans, californicus and some 
aerial net was usually more useful because the 
insects were usually sitting near the ends 
branches and would fly close approach the 
collector. For these was necessary ap- 
proach cautiously and make quick sweep with 
the net before the insect flew. Often the speci- 
mens could not seen until they flew, which 
case they could marked down near-by 
bush. They would seldom fly far. The males 
can located their stridulation. The short- 


winged species and also some the 
Where the in- 


required different technique. 
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dividuals were numerous the bushes (sometimes 
single bush) they could usually taken 
with heavy canvas sweeping net beating 
the bushes, even though the insects were not 
seen until after they were the net. They 
would jump out the net quickly not caught 
were less numerous was often necessary 
trample down the bushes until they were flat 
the ground. this method collecting one 
person trampled down the bush while one 
more others caught the they jumped 
onto the ground into neighboring shrubs. 
Usually these short-winged species would drop 
down into the dense center the bush being 
disturbed, and there might not any evidence 
that the insects were present until the bush was 
completely trampled down and they jumped out. 
this way specimens were collected some 
localities where even the closest scrutiny the 
undisturbed bushes would not 
presence. 

Specimens were papered the field, with full 
data every paper and additional notes 
notebook. They dried quickly the dry air 
the Southwest and their natural colors were 
verv well preserved without eviscerating. 


Aeoloplides Caudell 1915 

Aeoloplus Scudder 1897: Scudder 1897a, pp. 199, 205; 
Scudder 1897b, pp. 44-49; Scudder 1897d, pp. 11, 68-69 
(type: regalis); Scudder 1900, 50; Scudder 1901, 14; 
Bruner 1907-08, pp. 220, 316; Kirby 1910, 500 (type: 
turnbullii); Caudell 1911, 165; Caudell 1915, 
(syn. under Melanoplus); Claassen 1917, pp. 16-17; 
Hebard 1919, 263 (type: bruneri; syn. under Melano- 
plus rejected). 

Aeoloplides Caudell 1915: Caudell 1915, (substitute 
name): Hebard 1919, 263 (syn. under Aeoloplus); 
Henderson 1914, pp. 83-84 (syn. under Aeoloplus 
rejected). 

chenopodii Bruner 1894, 
original designation. 

Diagnosis: Species medium small size 
11-24 mm.; 13-30 mm.), body relatively 
stout and usually considerably enlarged 
metathorax, hind femora relatively stout (three 
four times long greatest subgenital 
plate male with subapical tubercle; ground 
color body various shades green, brown 
greyish with dorsal and lateral pronotal stripes 
nearly always least indicated and usually prom- 
inent, two three broad femoral bands 
closely related Hesperotettix Scudder 1876. 

Structural Characters: Disk vertex broadly 
and shallowly sulcate, sulcus usually subequal 
width throughout. Occiput short and well 
arched, rounding meet disk vertex below 
tops eyes seen lateral view. 
Frontal costa moderately broad, the same width 
half again wide least distance between 


eyes, subequal width throughout, shallowly 
sulcate below ocellus. Eyes usually somewhat 
prominent, especially males. Antennae 
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each species usually with articles but often 
with and more rarely with 25, nearly 
cylindrical but with clavola slightly flattened 
proximal fourth, equal width throughout ex- 
cept two basal articles, slightly longer (male) 
slightly shorter (female) than head and pro- 
notum together. 

Pronotum stout, regularly increasing width 
from front backward. Prozona gently convex 
transversely, usually slightly arched longitudi- 
nally well, with median carina; same 
length metazona not more than one-fourth 
longer (although appearing much longer 
when not actually measured); usually broader 
than long; the three transverse sulci very distinct 
and continuous across the dorsum. Metazona 
nearly flat with low, rounded, median carina; 
posterior margin obtusely angulate, the angle 
broadly rounded. 

Prosternal spine conical nearly pyramidal, 
erect; length from base apex usually about 
equal width base, never more than one- 
fourth longer; caudal surface nearly vertical 
slanting slightly caudad apex. Intermeso- 
sternal space male 2.5 three times long 
width narrowest point, usually clepsydral; 
female, varying from quadrate three times 
long least width. Intermetasternal space 
(precosta first abdominal sternum) obliterated 
males contiguous metasternella (metasternal 
lobes); females, varying from three times 
long least width completely obliterated 
the males. 

Fore and middle femora tumid male; hind 
femora both sexes relatively stout (3.0 4.1 
times long greatest width), two species 
furnished inferiorly both sexes with basal 
wedge protecting the calcaria when tibiae are 
closed femora (Plate II, figs. 19-23). Hind 
coxae typically with broad tooth projecting 
from ventromedian aspect distal border, re- 
duced absent some forms (Plate figs. 
12-21). Tegmina varying from lobate pads 
fully developed (Plate ITI). 

Abdomen short that hind femora usually 
project beyond its apex both sexes; sides 
usually not compressed except some larger 
specimens after drying; median carina nearly ob- 
solete. Supra-anal plate male triangular, the 
sides slightly moderately sinuate, broadly and 
longitudinally grooved basal half, provided 
with carina each side extending from outer 
basal angles caudad and angling meet apex 
median sulcus; female smoothly and trans- 
versely arched basal half, often very slightly 
arched longitudinally well, sometimes with 
broad and shallow longitudinal groove, rarely 
with slight indication transverse sulcus 
near center, without carinae other irregularities. 
Subgenital plate male with lateral margins 
base very strongly ampliate and arched dorsally; 
furnished with distinct small, rounded subapical 
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tubercle which usually extends more dorsad than 
caudad, never higher than its width base, 
apical margin plate forming its dorsal base 
(Plate II, figs. 24-25). Furcula, when present, 
pair minute rounded projections separated 
about their own width, absent some forms. 
Cerci (Plate II, figs. 8-18) tapering, simple, 
apically slender very slender, straight 
clearly deflexed apical third fourth. Term- 
inal segments female abdomen somewhat 
shortened, male slightly enlarged. Ovipositor 
(Plate figs. 10-11) usually only partially 
exserted, the valves short, comparatively stout, 
with apices strongly hooked. 

Phallic Structures: Aedeagus (Plate figs. 1-7) 
with ventral valves produced dorsad and bent 
gradually with abrupt elbow cephalad; 
apex each ventral valve (right and left) forked 
with thin membrane stretched between the 
forks (here called the median forks 
the two ventral valves nearly contiguous and 
distinctly dorsad lateral forks which project 
ventrolaterad. Both forks usually with minute 
tubular processes extending out margins 
web, surface shaft usually with shorter tubular 
processes. 

Each lophus epiphallus (Plate II, figs. 
large, broad, subtriangular lobe covered 
all sides with rows closely spaced minute 
denticulations; lateral plates orbicular broadly 
elyptical, nearly flat; each ancora broad, thin 
and blade-like, narrowing rounded point 
apex, with minute tubular processes similar 
those aedeagus. 

Comparison: Aeoloplides may 
from closely related Hesperotettix (the genus 
with which most often compared) the 
following characters: body heavier, more en- 
larged thorax; disk pronotum nearly flat, 
rounded shoulders usually prominent, with low 
and rounded median carina (instead rounded 
and merging gradually with sides that shoulders 
are obsolete little evident, median carina often 
absent indicated only prozona slightly 
arched longitudinally with median carina 
(instead the same plane and often with 
carina); hind femur relatively short and stout; 
subapical tubercle subgenital plate male 
not very prominent; furcula greatly reduced 
absent; supra-anal plate male with carina 
each side extending from outer basal angles 
caudad and angling meet apex median 
sulcus (instead without carinae); terminal 
segments abdomen female abbreviated; 
ovipositor only partially exserted, valves shorter, 
much more tips more curved; tooth 
ventral valve ovipositor more prominent and 
more lateral ore evident from ventral view 
than from lateral view), usually pointed and 
nearly right-angled but often obtuse and rounded 

Variation: each species this 
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genus vary greatly size, color and development 
the tegmina. All the species, under less 
favorable conditions, have individuals smaller, 
more brown instead greenish, with less dis- 
tinct head and pronotal stripes and with shorter 
tegmina. Specimens from the northern parts 
the ranges and from higher elevations are usually 
this smaller ecological form. turnbullii 
has the appearance such form and thus, 
without experimental evidence, difficult 
decide whether ecological form genetic 
subspecies. This problem discussed further 
under this subspecies. each species, older, 
much specimens are darker and more 
brown that considerable color variation 
usually evident single small population. 
Color: Individuals this genus have the 
ground color the body ranging from Olive- 
Buff through Cream-Buff Buffy Brown. 
broad middorsal and two lateral head and pro- 
notal stripes range from Dark American Green 
through light Isabella Brown black. 
row streak the center the mid-dorsal stripe 
usually postocular dark stripes 
extend from eyes principal sulcus pronotum 
and cover the dorsal third half the lateral 
lobes. mid-dorsal dark stripe the more 
clearly defined and usually the darker. The 
pronotum has large and usually dark punctae 
irregular band one three rows deep along 
entire anterior border, larger area the 
ventral portion the lateral lobe front 
the second sulcus, and the entire posterior 
lobe, the punctae often being sparse and some- 
times absent except the disk the pronotum 
rotundipennis and chenopodii. Green and 
brown color phases are found each species, with 
some intermediates, the green 
ing predominantly females. Individuals tending 
toward the green phase usually have the two 
dorsal light stripes least partly Ochraceous 
Buff, the head; the antennae are 
usually Salmon Orange, and the tegmina are 
the same green color the dark pronotal stripes 
somewhat lighter. the brown phase the 
antennae are nearly the same color the ground 
color the body and the tegmina are some 
shade Grayish Olive. lighter colored in- 
dividuals the brown phase the dark head and 
pronotal stripes are indistinct and sometimes ab- 
sent. The green color phase with pronounced 
pronotal markings predominates 
bruneri and somewhat less predominent 
turnbullii. Not more than half the specimens 
elegans show tendency toward the green 
color phase. This phase pro- 
notal stripes are uncommon the remaining 
known species the genus. The hind femora 
have two three broad bands the lateral 
surfaces usually about the same color the mid- 
dorsal dark -pronotal stripe. The color the 
hind tibiae may pink, purple blue all 
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species; one color strongly predominates any 
one species, however. light buffy annulus 
typically present near the base the hind 
tibiae, though ill defined absent some in- 
dividuals and species. One large spot each 
side first two three abdominal segments pres- 
ent some individuals every species, about 
same color mid-dorsal pronotal stripe, often 
absent. 


KEY THE SPECIES AND SUBSPECIES 
AEOLOPLIDES 


ventral basal wedge hind femur either 
sex; medioventral angle distal border 
hind coxa produced form large, promi- 
nent tooth male (usually present female 
also but may very broad and reduced); 
furcula absent except 

Ventral basal wedge hind femur male 

well developed, reduced but clearly evident 
female; medioventral angle distal border 
hind coxa not but very slightly produced 
into very obtuse tooth; furcula always 
Tooth medioventral angle distal border 
hind coxa male very its sides 
forming either acute angle right angle 
apex; coxal tooth female broadly obtuse 
with sharply rounded apex; tegmina much 
surpassing abdomen both sexes.......... 
Tooth medioventral angle distal border 
hind coxa male low and broad, usually ob- 
tuse but clearly evident, very broad and re- 
duced absent female; tegmina only 
slightly surpassing abdomen all (reduced 
rounded pads some forms)............ 
Coxal tooth male acute with rounded apex; 
prosternal spine lateral view longer than 
basal width, caudal side slanting distinctly 
posteriorly base, straight sides converg- 
ing acutely very small rounded tip, these 
characters more prominent the female; 
cerci male moderately tapering second 
fourth, apical half broad (about two-fifths 
wide greatest width cercus), apical 
third deflexed; basal tooth ventral valve 
ovipositor prominent, pointed and right- 
Coxal tooth male broad, forming nearly 
right angle apex, median side nearly paral- 
lel with side coxa; prosternal spine 
lateral view shorter than basal width, caudal 
side vertical slanting very little posteriorly 
from base, the somewhat curved sides con- 
verging acutely very blunt and broadly 
rounded tip, these characters more priminent 
the female; cerci male itely taper- 
ing basal ilf, apical half about one-fourth 
wide greatest width, straight; basal 
tooth ventral valve usually 
broadly obtuse, sometimes low and rounded 
into edge ovipositor, occasionally prom- 
inent, pointed and almost 
Tegmina reduced rounded pads about same 
length pronotum; furcula absent........ 

Tegmina well developed, nearly reaching 

slightly surpassing tip abdomen both 

sexes; furcula present pair minute 

Tegmina broadly rounded apical third, 

contiguous mid-dorsal line nearly so; 

cerci male with apical three-eighths about 
one-half wide greatest width cercus, 


(1). 


(2). 


(4). 
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apical fourth clearly deflexed; subapical 
tubercle male prominent (height usually 
equal width base side view), strongly 
acute, directed dorsad...... 
Tegmina reduced lateral pads well separated 
from each other dorsally, 
sharply convergent rounded apex; cerci 
male with apical half about one-third 
wide greatest width, apical fourth very 
slightly deflexed; subapical tubercle male 
rounded (almost dome-shaped), less promi- 
nent (three times broad high side 
view), directed caudad............ chenopodii 
usually surpassing tip abdomen; 
usually larger forms but with great variation 
size, length usually more than mm. 
(male) and mm. (female); green color 
usually pronounced, ochre pronotal and oc- 
cipital stripes usually marked. (Plains and 


southern form.)........... turnbullii bruneri 
Tegmina usually falling shert tip abdomen; 


smaller forms, usually less than mm. (male) 
and mm. (female); green often 
largely replaced Wood-Brown 
Brown, light pronotal and occipital stripes 
usually Chamois Isabella Color and not 
Ochraceous—(Mountain and northern form.) 
Tegmina usually much surpassing abdomen 
(shorter some northern forms); ventral 
basal wedge hind femur male project- 
ing ventrad for distance greater than its 
width base when viewed laterad; inter- 
metasternal space female usually obliter- 
ated contiguous metasternella, rarely 
evident narrow space........ tenuipennis 
Tegmina usually not reaching tip abdomen, 
sometimes short pronotum; ventral 
basal wedge hind femur male projecting 
ventrad for distance less than its width 
base when viewed laterad; intermetasternal 
space female about six times long 


Aeoloplides elegans (Scudder) 1897 
10, 12, 13; Pl. II, Fics. 21; Pl. 


Aeoloplus elegans Scudder 1897: Scudder 1897d, pp. 69, 
71, pl. Scudder Cockerell 1902, pp. 
Rehn 1902, 723; Bruner 1908, 316; Rehn Hebard 
1909a, pp. Kirby 1910, 500; Rehn Hebard 
1948, pp. 613-614. 

Diagnosis: Slender for the genus; medium 
size 12-22 mm.; 19-24 mm. length); 
tegmina usually surpassing tip abdomen 
their own width; dark and light head and pro- 
notal stripes usually prominent; hind coxa 
male with prominent acute tooth, 
obtuse and less prominent female; apical fourth 
male cercus deflexed; basal tooth ventral 
valve ovipositor prominent, pointed and 
right-angled. 

Structural Characters: Width frontal costa 
about one and one-half times (male) and one 
and one-third times (female) least distance be- 
tween eyes. Prosternal spine lateral view 
longer than basal width, caudal side slanting 
distinctly posteriorly from base, straight sides 
converging acutely very small rounded tip, 
these characters more prominent the female. 


Intermesosternal space male clepsydral, 
female quadrangular (1.0 1.3 times long 
Intermetasternal space female about 
six times long width narrowest point. 
Inner posterior corner hind coxa male 
markedly produced form strongly acute 
tooth with rounded apex, shorter and slightly 
obtuse female. ventral basal wedge 
hind femur. Tegmina usually surpassing ab- 
domen least their own width both sexes, 
4.3 5.7 times long wide (measured with 
tegmina removed and flattened). ab- 
sent. Cerci male moderately tapering 
second fourth, apical fourth broad (about two- 
fifths wide greatest width cercus) and 
equal width throughout, apical fourth deflexed; 
about 2.2 times long greatest width. Basal 
tooth ventral valve ovipositor prominent, 
right-angled, pointed. 

Phallic Structures: Median fork aedeagus 
gradually but definitely constricted middle 
that this point about one-half wide 
widest point distal half, apex somewhat 
variable number tubular processes 
extend from apex and lateral border distal 
half fork edge web; flexure shaft broadly 
rounding and near base fork. Epiphallic 
plate broadly elyptical, ancora each side 
about twice long wide, each lophus with 
broadly rounded projecting upward from 
laterodistal corner and usually separated from 
rest dorsal margin shallow indentation 
that dorsal margin lophus not straight 
line, median border lophus broadly and con- 
vexly rounding meet epiphallic plate nearly 


EXPLANATION PLATE 


Fics. Aeoloplides, lateral view 
left halves shown their approximate natural orientation 
when the intact specimen facing the left. 
elegans, McNary Texas. rotundipennis, San 
Antonio, New Mexico. Fic. chenopodii, Grand 
Junction, Colorado. Fic. turnbullit, Salida, 
tenuipennis, Coleville, California. 
Bakersfield, Californoa. 

Fics. spines males, lateral view 
left side. Fic. rotundipennis, San Antonio, New 

Fics. 10-11. Ovipositors, ventral view. Fic. 10, 
elegans, Salem, New Mexico. 11, californicus, 
Saugus, California. 

Fics. 12-21. Left hind coxae ventromedian view 
little more,ventral than median, that the surface 
the tooth horizontal plane). The distal border 
directed toward the top the plate. Fic. 12, elegans 
Salem, New Mexico. 13, elegans Salem, 
New Mexico. 14, bruneri Finney 
Kansas. Fic. 15, chenopodii Myton, Utah. Fic. 
Finney Co., Kansas. Fic. 18, californicus 
Bakersfield, California. Fic. 19, californicus 
Bakersfield, California. 20, San 
Antonio, New Mexico. 21, rotundipennis San 
Antonio, New Mexico. 
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right angle, lateral border shallowly and con- 
cavely rounded. 


Measurements (mm.) of Male Female 
selected specimens: Large Medium Small Large Medium Small 


Body length 22.0 19.5 


12.5 24.0 20.5 19.0 
Pronotum length.. 5.5 4.5 3.3 6.0 5.3 4.5 
Tegmen length 18.0 17.0 11.0 20.0 18.0 13.5 
Tegmen width 3.5 30 2.4 4.0 3.5 3.0 
Hind femur length 13.5 i0.3 8.7 14.0 12.5 11.0 
Hind femur width. 3.5 3.0 2.3 3.7 3.5 3.0 


Color: Ground color body ranging from 
Olive Buff Cream Buff and sometimes Cinna- 
mon Buff. Dark head and pronotal stripes 
usually near Malachite Green green phase, 
with mid-dorsal stripe the darker; brown 
phase, from Buffy Brown black; narrow mid- 
dorsal light streak pronotum seldom distinct, 
usually incomplete and often absent. Two dorsal 
light stripes usually least partly Ochraceous 
Buff, especially head. Antennae Flesh-Ochre. 
Tegmina from Pea Green (in green phase) 
Deep Grayish Olive. Hind femora with three 
broad bands about same color mid-dorsal 
pronotal stripe, first stripe shorter and less dis- 
tinct, second and third very distinct. Hind 
tibiae usually from Clear Cadet-Blue Light 
Glaucous-Blue (rarely darker blue), rarely al- 
most black melanistic specimens. Annulus 
near base hind tibia usually somewhat lighter 
than body color. Spots each side first two 
three abdominal segments present about 
one-half specimens. 

Distribution: Recorded thus far only from the 
western half Southern New Mexico and ex- 
treme Western Texas. Northern limits are 
Caballo and Tularosa, New Mexico. Eastern 
limits are Alamagordo, New Mexico and 
Texas. Lordsburg, New Mexico the western 
limit. Tinkham’s (1948, 613) record from 
Indio, California must misidentification 
only tenuipennis occurs there. obvious this 
species must present Mexico since 
common few miles from the border Paso, 
Tornillo and McNary, Texas. Mexican 
record has been published and specimens are 
available. 

Specimens Examined: 89; males, females. 

TEXAS: McNary, June 26, 1947 
(R. Beamer, Wallace) 119, 
SNOW; ElPasoCo.: Tornillo, June 26, 1947 (R. 
Paso, June 26, 1897 (A. Morse) USNM. 

NEW MEXICO: Otero Co.: mi. 
Alamagordo, June 30, 1932 (J. 
Beamer) June 27, 1947 (R. 
Beamer) SNOW; White Sands, June 30, 
1932 (R. Beamer) SNOW; Sacramento 
Mtns., Sept. (Townsend) USNM; 
Las Cruces Co.: Mesilla, June 30, 1897 (A. 


July 1947 (A. Michiner, Wallace) 
Wallace) SNOW; Grant Co.: Caballo, 
Hidalgo Co.: Lordsburg, July 1947 (R. 

Type Material: Based one male, figured 
Scudder (1897c, pl. fig. 6); Las Cruces, 
Dona Ana Co., New Mexico, Aug. 
Cockerell. Type National Museum 
(No. 714). Scudder’s figure shows the cercus 
straight instead deflexed, normal for the 
species, but mentions the description that 
Mesilla, New Mexico (about five miles from 
the type locality) have the cerci deflexed the 
male, all the other specimens examined 
for this study. 


Pl. IV, map. 

Diagnosis: Resembling elegans but averaging 
much smaller 14-16 mm.; 15-20 mm. 
length), tegmina about same length pronotum, 
coxal tooth male shorter and obtuse-angled, 
markings usually not pronounced. Closely 
resembling chenopodii, its most closely related 
species, but averaging smaller and tegmina con- 
tiguous mid-dorsal line nearly so. 

Structural Characters: Width frontal costa 
both sexes only slightly greater than least 
distance between eyes. Prosternal spine 


EXPLANATION PLATE 

Fics. 1-7. Epiphalli Aeoloplides dorsal view 
with the posterior margin toward the top the plate. 
The lophi have been pressed flat into the same plane with 
the lateral plates; they would normally project upward 
nearly right angle these plates. Fic. rotundi- 
pennis, San Antonio, New Mexico. elegans, 
Salem, New Mexico. Fic. tenuipennis, Indio, 
California. Fic. chenopodii, Grand Junction, 
Colorado. Fic. californicus, Bakersfield, Cali- 
Salida, Colorado. 

Fics. 8-18. Left cerci males lateral view. 
pennis, San Antonio, New Mexico. Fic. 10, cheno- 
podu, Myton, Utah. 11, californicus, Saugus, 
California. 12-15, tenuipennis, (12, Indio, Cali- 
fornia; 13, Mohave, California; 14, Wendover, Nevada: 15, 
Sacaton, Arizona). Fic. 16, bruneri, Big Spring, 
18, minor, Elko, Nevada. 

Fics. 19-23. Left hind femora, lateral view 
proximal end. The femora are rotated little 
place the wedge and the lower half the surface 
horizontal plane. Fic. 19, tenuipennis Indio, 
California. 20, tenuipennis Blythe, Califor- 
minor Wadsworth, Nevada. 23, minor 
Wadsworth, Nevada. 

Fics. 24-25. Terminal abdominal segments males, 
lateral view left side. 24, Artesia, 
Colorado. rotundipennis, Belen, New Mexico. 
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male acute, apex almost pointed. Intermeso- 
sternal space male with sides divergent 
ends only, about 1.25 long wide female. 
Intermetasternal space female about three 
times long wide. Medioventral angle 
distal border hind coxa produced form 
obtuse tooth which clearly evident but not very 
prominent, particularly the female. ven- 
tral basal wedge hind femur. Tegmina pro- 
jecting caudad hind margin pronotum for 
distance length pro- 
notum (less than half length abdomen), 
broadly rounded apical third, contiguous 
mid-dorsal line nearly so, about 2.25 times 
long greatest width (measured with tegmina 
removed and flattened). Furcula absent. Cerci 
male moderately tapering second fourth, 
apical three-eighths about half wide greatest 
width cercus, apical fourth clearly deflexed; 
length about 2.3 times greatest width. Subapical 
tubercle male prominent, strongly acute, 
directed upward, height usually approximately 
equal width base lateral view. Basal 
tooth ventral valve ovipositor prominent, 
right-angled, pointed. 

Phallic Structures: Median fork aedeagus 
narrowing gradually and uniformly at- 
tenuated tip from which variable number 
fairly long tubular processes extend edge 
web; flexure shaft near base fork and 
broadly rounding, not abruptly angled. Epiphal- 
lic plate orbicular, ancora each side more 
than twice long broad, each lophus with 
broadly rounded projecting upward from 
laterodistal border that dorsal margin 
lophus not straight line. Median and lateral 
borders lophus meeting epiphallic plate 
nearly right angle. 


Measurements (mm.) of selected Male Female 
Specimens: Large Small Large Small 
Body length 16.5 14.0 20.0 14.5 
Pronotum length. 4.2 3.4 5.0 4.3 
Tegmen length 5.0 5.0 4.5 4.3 
Tegmen width... 2.5 2.1 2 2.5 
Hind femur length 10.3 8.0 11.0 10.5 
Hind femur width. 3.0 2.4 3.2 2.8 


Color: Ground color body ranging from 
tinted specimens (the green phase) usually 
females. Median dorsal stripe occiput and 
pronotum near Pistachio-Green greer phase, 
Dark Olive black brown phase, narrow light 
streak down center rarely evident. Postocular 
dark stripes usually faint absent, sometimes 
indicated the same color the mid-dorsal 
stripe but usually lighter shade. The pair 
light stripes dorsum occiput and pro- 
notum approaching Cinnamon-Buff darker 
specimens with more contrasting colors, about 
same ground color others. Antennae Flesh- 
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Ochre. 
notum abdomen. 
Dark Olive. 


dark flecks dorsum head, pro- 
Tegmina Light Olive-Gray 
Hind femur with three bands 
about same color mid-dorsal stripe, the stripes 
sometimes indistinct faint, particularly the 


first one. tibiae usually from Clear 
Windsor-Blue Clear Cadet-Blue Light 
Glaucous-Blue. Annulus near base 


tibiae usually prominent and much lighter than 
ground color body. Spots sides first 
two three abdominal segments present 
about three-fourths specimens. 

Distribution: Known only from narrow strip 
along Highway from Los Lunas San 
Antonio, New Mexico. The largest populations 
were found Belen and San Antonio but most 
the saltbush patches fair size contained 
few specimens. Collecting north Albuquerque 
failed extend the known range beyond Los 
Lunas. 

Specimens Examined (the 
males, females. 

New Mexico: Valencia Co.: Belen, July 
1947 (R. Beamer, Beamer, Wal- 
lace) (Saltbush desert, nymphs common, adults 
rare and teneral) Socoro Co.: 
San Antonio, July 1947 (L. Beamer, 
Michiner, Wallace) (Saltbush-greasewood 
adults and nymphs common.) 
SNOW. 

Type Material: From the above type series 
the following were selected: Holotype male; 
San Antonio, New Mexico, July 1947 (L. 
Beamer). Allotype female; same data holo- 
type. All other specimens listed are paratypes. 
Snow Collection, University Kansas. 


50: 


Aeoloplides chenopodii (Bruner) 1894 


Fics. 15, 16; Pl. II, 10, 24; 
Fic. Pl. IV, map. 


Pezotettix chenopodii Bruner 1894: Bruner 1894a, pp. 12-13 
nudum]; Bruner 1894b, pp. 41-42; Bruner 
1894c, 163; Rehn Hebard 1912, 

Aeoloplus (Bruner) 1894: Scudder 1897a, 
205; 1897d, pp. 74-75, pl. Fic. Caudell 1902, 38; 
Woodworth 1902, 18; Caudell 1903, 797; Gillette 
1904, pp. 41-42; Rehn Hebard 1906, 401; Kirby 
1910, 500; Woodworth 1913, 309; Hebard 1929, pp. 
371-372; Hebard 1935b, 301; Ball 1936, 683; Alex- 
ander 1941, 156; Ball, Tinkham, ef. 1942, pp. 
331. 

Aeoloplides (Bruner) 1894: Caudell 1915, 28; 
Henderson 1941, pp. 86-89, fig. 


EXPLANATION PLATE III 

Fics. 1-10. Left tegmina Aeolopides males ori- 
ented position rest, anterior costal margin 
ventral. elegans, Salem, New Mexico. 
Coleville, California. Fic. californicus, Saugus, 
California. Fic. minor, Valmy, Nevada. 
Osborn Co., Kansas. rotundipennis, San 
Antonio, New Mexico. Fic. chenopodit, Myton, 
Utah. Fic. 10, minor, Wadsworth, Nevada. 
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Diagnosis: Resembling its most closely related 
species, rotundipennis, but averaging larger 
13-17 mm.; mm. length) and with 
the short tegmina narrower, elypsoidal and well 
separated from each other dorsally. 

Structural Characters: Width frontal costa 
both sexes equal least distance between eyes 
only very slightly more than this. Intermeso- 
sternal space male with sides strongly divergent 
ends only, quadrate female. Intermeta- 
sternal space female about four times long 
wide. Inner posterior corner hind coxa 
male produced form broad but obvious 
obtuse tooth, only slightly produced female. 
ventral basal wedge hind femur. Tegmina 
reduced elypsoidal pads well separated from 
each other dorsally, usually appearing 
lateral, about 1.5 2.2 times long greatest 
width (measured with tegmina removed and 
flattened). Furcula absent. Cerci male mod- 
erately tapering basal half; apical half slender 
and about equal width throughout, about 
one-third wide greatest width cercus; 
apical fourth very slightly deflexed; length 
cercus about 2.3 times greatest width. Sub- 
apical tubercle male rounded (almost dome- 
shaped), not very prominent (three times 
broad high), directed caudad. Ventral basal 
tooth ventral valve vipositor prominent, 
pointed. 

Structures: Median fork aedeagus 
narrowing gradually and uniformly attenu- 
ated tip from which variable number fairly 
long tubular processes extend edge web; 
flexure shaft near base fork and broadly 
rounded, not abruptly angled. plate 
orbicular, ancora each side more than twice 
long broad, each lophus with straight dorsal 
margin (no laterodistal corner). Median 
and lateral borders lophus meeting epiphallic 
plate nearly right angle. 


Measurements (mm.) of Male Female 
selected specimens: Large Medium Small Large Medium Small 
Body length...... 17.0 15.5 12.5 23.0 18.5 16.0 
Pronotum length.. 4.7 4.0 3.5 6.0 5.0 4.0 
Tegmen length.... 3.0 2.8 2.5 4.0 3.2 3.3 
Tegmen width.... 2.0 1.6 1.4 2.3 1.9 1.5 
Hindfemurlength 9.8 9.0 7.5 12.5 10.0 8.5 
Hind femur width. 3.0 2.8 2.3 3.5 3.0 2.7 


Color: Ground color body ranging from 
Olive-Buff Wood-Brown, little more greenish 
green phase which uncommon and largely 
females. Median dorsal stripe occiput 


and pronotum, when present, Dark Olive 
black, usually poorly defined faint, sometimes 
absent. When median dorsal pronotal stripe 
absent, median occipital stripe usually Smoke- 
Gray Drab-Gray. Postocular stripes usually 
indicated same color median dorsal stripe 
but less well defined, often indistinct and some- 


[Vol. 


times absent. Median light streak median 
dorsal dark stripe ground color, variable width, 
often wide dark portions either side, 
sometimes absent. Pair light stripes dor- 
sum occiput and pronotum usually same 
ground color; ochre such characteristic 
most other species the genus seldom evident. 
Occiput, pronotum and dorsum abdomen 
flecked with Dark Olive Black little more 
than half the specimens, some flecks 
abdomen regularly placed, one transverse row 
each tergite near posterior border. Antennae 
Apricot-Buff Walnut-Brown. Tegmina Light 
Olive-Gray Dark Olive. Hind femora with 
three bands about same color median 
dorsal dark stripe, sometimes distinct, usually 
indefinite and sometimes only slightly indicated. 
Hind tibiae varying from Chapman’s Blue through 
Pale Glaucous-Blue Vinaceous-Lilac, darker 
ventral side, annulus near base usually little 
lighter than ground color body. Spots 
sides first two three abdominal segments 
present about three-fourths specimens. 

Distribution: Western Utah are Myton 
Duchesne Co. and Carbon, Emery, Wayne and 
Garfield Counties. The Painted 
stitutes the south-western corner the distribu- 
tion Arizona, and St. Johns the south-eastern 
corner. Probably occurs the northwestern 
corner New Mexico. Known from Western 
Colorado far east Craig, Antlers, Montrose 
and Cortez. The present northern limit defined 
Myton and Vernal Utah and Artesia and 
Craig Colorado will probably extended 
well into Wyoming the drainage the Green 
River when more collecting done this area. 
chenopodii appears confined entirely 
the drainage the Colorado River above the 
Grand Canyon National Park and will probably 
found most suitable habitats that area 
below 7,000 ft. 

Specimens Examined: 353; 146 males, 207 
females. 

Duchesne Co.: Myton, August 1947 
Wallace) (Saltbush, greasewood and herbs; 
adults abundant saltbush.) 111 154 
SNOW; Uintah Co.: Vernal, August 1947 
(Greasewood valley floor, Aeoloplides not 
common.) SNOW; Jenson, July 29, 
1953 (R. Dreisbach) UMMZ. 

Moffat Co.: Artesia, August 
1947 (R. Beamer, Michiner, Wal- 
lace) (Greasewood and two species saltbush, 
Aeoloplides very scarce.) SNOW; 
Massadona, July 1931 (R. Beamer) 
SNOW; Mesa Co.: Grand Junction, July 29, 
1900, SNOW;; July 1901 (Dyar Caudell) 
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tenuipennis chenopodii 


Map the western half the United States, showing 
the distribution the species and subspecies 
lides, with the route the 1947 University Kansas 
Biological Survey indicated heavy broken line. 
The large arrow points the type locality minor, 
point widely separated from the main area distribution 
the species. The outlined open symbols indicate 
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previously published distribution records. The solid 
symbols indicate localities from which specimens were 
examined for this study. should noted that the 
majority the distribution records are grouped along 
main highways, artifact due the selective activity 
collectors and not the actual distribution the 
species the abundance individuals. 
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Caudell) USNM; September, 1905 
(Caudell) UMMZ; Beque, September 
Probably July 1901 (Dyar Caudell) 
CA&M; September 17, CA&M 
Montrose Co.: Montrose, August 17, 1901 (Dyar 
Cortez, September 1935 (I. Cantrall) 

Type Material: This species was described 
from number specimens both sexes, col- 
lected greasewood and all with the same data. 
The type series with the Bruner material the 
Hebard Collection the Philadelphia Academy 
Natural Sciences. designated 
Rehn Hebard (1912, 127): male, Grand 
Junction, Colorado, June, [1893]. 


Aeoloplides californicus (Scudder) 1897 
III, Fic. Pl. map. 

Aeoloplus californicus Scudder 1897: Scudder 1897d, pp. 
69, 73-74. pl. Fic. Woodworth 1902, 18; Kirby 
1910, 500; Rehn Hebard 1912, [designation 
hololectotype]; Woodworth 1913, 309. 

Diagnosis: Closely resembling but with 
coxal tooth male broad, forming nearly right 
angle apex (instead strongly acute), median 
side nearly parallel with side coxa; prosternal 
spine lateral view shorter than basal width, 
caudal side vertical slanting very little pos- 
teriorly from base, tip very blunt and broadly 
rounded, these characters more prominent the 
female. 

Structural Characters: Width frontal costa 
nearly equal (male) 1.33 times (female) 
least distance between eyes. Prosternal spine 
lateral view shorter than basal width, caudal 
side vertical slanting very little posteriorly 
from base, somewhat curved sides converging 
acutely very blunt and broadly rounded tip, 
these characters more prominent the female. 
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Intermesosternal space male moderately 


sydral, female rectangular and 1.1 1.5 times 
long wide. Intermetasternal space 
female nearly entirely obliterated con- 
tiguous metasternella. Inner posterior corner 
hind coxa male markedly produced form 
broad, nearly right-angled tooth with its median 
side parallel with side coxa; low and 
broadly obtuse female. ventral basal 
wedge hind femur. Tegmina male sur- 
passing tip abdomen least their own 
width, female usually surpassing tip ab- 
domen only little but often considerably longer, 
4.5 5.8 times long broad (measured with 
tegmina removed and flattened). Furcula absent. 
Cerci male about 2.2 times long greatest 
width, moderately tapering basal half; apical 
half about one fourth wide greatest width, 
straight slightly deflexed apical fourth, 
subequal width throughout. Basal tooth 


ventral valve ovipositor usually broadly ob- 
tuse, sometimes low and smoothly rounding into 
edge occasionally prominent, 
pointed and almost right-angled. 

Phallic Structures: Median fork aedeagus 
slightly not all constricted before middle, 
nearly parallel-sided, about four times long 
least width, apex somewhat narrowed, variable 
number tubular processes extending from apex 
and lateral border distal half fork edge 
web; flexure shaft abruptly rounded but 
not angled like elbow, back flexure little 
farther from base fork than distance from base 
fork apex web median fork. Epiphal- 
lic plate very broadly elyptical, ancora each 
side more than twice long wide, each 
lophus with pronounced, broadly rounded 
projecting upward from laterodistal corner 
that dorsal margin lophus not straight 
line, median border lophus broadly and con- 
vexly rounding meet epiphallic plate 
nearly right angle, lateral border meeting 
epiphallic plate nearly right angle. 


Measurements (mm.) of Male Female 


selected specimens: Large Medium Small Large Medium Small 
Body length 23.0 16.0 15.5 24.0 22.0 18.0 
Pronotum length... 5.5 4.3 3.7 5.2 4.8 4.5 
Tegmen length. 21.0 15.5 13.5 22.0 15.0 15.0 
Tegmen width 4.0 3.0 2.7 4.0 3.3 2.6 
Hind femurlength 13.0 10.0 90 13.3 11.5 10.1 
Hind femur width. 3.3 2.8 2.6 3.1 3.5 3.0 


Note: Scudder (1897c) gives larger measurements of body length: 
24.5; 9, 26.5. 


Color: Very similar brown color phase 
elegans. Ground color body ranging from 
Cream-Buff Cinnamon-Buff. Ochraceous color 
usually absent from occiput. Median dorsal 
stripe occiput and pronotum Buffy Brown 
nearly black, narrow light streak down center 
usually indistinct incomplete and often absent. 
Postocular stripe usually absent occiput and 
varying from obscure well marked Buffy 
Brown sides pronotum. Antennae Flesh- 
Ochre. Deep Grayish-Olive with small 
dark indefinite maculations, pale shoulder stripe 
absent only faintly indicated. Three broad 
indefinite bands lateral surface hind femur 
Buffy Brown nearly black. tibiae with 


dark stripe down ventral surface usually 
Bremen Blue, with the remainder Microline- 
Green Pale Nile-Blue, sometimes with 


Squill-Blue stripe and the remainder Persian- 


Blue. Pale annulus usually absent from hind 
tibiae but sometimes well marked darker 
specimens. Spots sides first two three 


abdominal segments present about one-fourth 
specimens. 

Distribution: Thus far known only from Tulare, 
San Luis Obispo, Kern and Los Angeles Counties 
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Southern California north Los Angeles. 
Northern limits are Visalia and Devils Den, 
southern limits are Saugus and Lancaster. The 
only point which this species overlaps the 
collecting will probably extend the range much 
farther north and also somewhat east and west, 
but not much farther south. 

Specimens Examined: 37: 
males. 

CALIFORNIA: Tulare Co.: Visalia, July-August, 
Devils Den, July 12, 1939 (G. Smith) 
Jewetta, near Wasco, August 
1922 (Rehn Hebard) Bakersfield, 
August 14, 1910, SNOW; Bakersfield, 
July 24, 1929 (R. Beamer) SNOW; 
Bakersfield, August 1939 (Sam Smith) 
USNM: San Luis Obispo Co.: Cuyama Ranch, 
July 25, 1935 (Jean Russell) SNOW; Los 
Angeles Co.: miles east Saugus, July 25, 
Wallace) (Adults common saltbush.) 
SNOW; Lancaster, July 25, 1947 (H. 
Wallace) (In roadside saltbush and greasewood, 


males, 


rare.) 
Type Material: Based one male, four 
females, from California. Collector given 


Burrison (from Henshaw). date and 
specific locality. Rehn Hebard (1912, 76) 
designated the single figured male the Scudder 
Collection the single type. Since decided 
variation found this species, seems in- 
advisable limit the type locality without first 
comparing the holotype with specimens with 
complete locality data. 


tenuipennis (Scudder) 1897 

Aeoloplus tenuipennis Scudder 1897: Scudder 1897d, pp. 
69-71, pl. Fic. Rehn Hebard 1906, 401; Snow 
1907, 163; Rehn Hebard 1908, pp. 394-395; Bruner 
1908, 316; Rehn Hebard 1909b, 465; Kirby 1910, 
500; Rehn Hebard 1912, [designation 
hololectotype]; Hebard 1935, pp. 300-301 [uniformis 
incorrectly synonymized]; Ball 1936, 683; Tinkham 
1938, 347 [Aeolopus; Ball, Tinkham, al., 
1942, 330; Rivers 1948, pp. 687-688. 

Aeolopus arizonensis Scudder 1897: Scudder 1897d, pp. 
78-79, pl. VI, Fic. Rehn Hebard 1908, 395; 
Bruner 1908, 317; Rehn Hebard 1909b, pp. 465-466; 
Kirby 1910, 501; Rehn Hebard 1912, [desig- 
nation Rockwood 1925, 37; Hebard 
1935b, pp. 300-301 [syn.]. 

Aeolopus oculatus Scudder 1897: Scudder 1897d, pp. 
80, pl. VI, Fic. Bruner 1908, 317; Kirby 1910, 
501; Rehn Hebard 1909b, 466; Rehn Hebard 1912, 
[designation hololectotype]; Hebard 1935b, 
pp. 300-201 [syn.]. 

Aeolopus plagosus Bruner 1908, nec Scudder 1876: 
Bruner 1908, [misidentification]. 

Aeoloplides tenuipennis (Scudder) 1897: Henderson 1941, 
pp. 84-85, 89, 


Diagnosis: Resembling elegans but with ven- 
tral basal wedge hind femur. Tegmina 
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both sexes almost always surpassing tip 
abdomen. 

Structural Characters: Width frontal costa 
approximately 1.5 (male) and 1.33 (female) 
times least distance between eyes. 
spine both sexes with caudal side vertical 
slanting slightly caudad from the base, usually 
strongly acute and rather sharply pointed. 
Intermesosternal space male moderately clep- 
sydral, female about 2.33 times long wide. 
Intermetasternal space female usually ob- 
literated contiguous metasternella, rarely 
corner hind coxa only slightly produced 
form very obtuse tooth. Ventral basal wedge 
hind femur well developed both sexes, 
male usually projecting ventrad for distance 
about twice its width base lateral view, 
female usually projecting about two-thirds 
width base lateral view. Tegmina both 
sexes surpassing tip abdomen usually 
least their own width, 4.6 6.2 times long 
greatest width (measured with tegmina removed 
and flattened). Furcula present pair 
very small lobes. Cerci male 
three-fourths highly variable, moderately taper- 
ing second third fourth; distal third usually 
nearly equal width throughout, sometimes 
gradually tapering, straight; width distal 
fourth one-fifth one-third that greatest 
width cercus; length cercus about 2.25 
times greatest width. Basal tooth ventral 
valve ovipositor usually broadly obtuse, 
sometimes low and smoothly rounded into edge 
ovipositor, occasionally prominent, pointed and 
almost right-angled. 

Phailic Structures: Median fork aedeagus 
parallel-sided rarely broadly triangular, 1.3 
2.5 times long greatest width, rounded 
apex, with variable number tubular 
processes extending edge web from apex 
and lateral edge fork; flexure shaft 
abrupt, right-angled elbow, distance from base 
fork outside point elbow about three times 
that from base fork apex web median 
fork. Epiphallic plate very broadly elyptical 
(nearly orbicular), ancora each side about 
1.67 long broad, each lophus with pro- 
nounced, broadly rounded projecting up- 
ward from the laterodistal corner that dorsal 
margin lophus not straight line, lophus 
with distinct projecting mesad that 
median border sharply concave. 


Female 
Large Medium 


Measurements (mm.) of Male 
selected specimens: Large Medium Small 


Body length...... 28.0 19.0 1 


4.0 24.0 21.0 15.5 

Pronotum length... 5.6 4.4 3.4 5.8 5.1 4.2 
Tegmenlength.... 21.5 17.5 10.4 21.0 19.0 11.5 
Tegmrenwidth.... 4.0 2.8 2.1 4.0 3.7 2.5 
Hind femur length 12.0 9.5 7.6 13.3 12.6 9.7 
3.1 2.5 4.0 3.7 2.8 


Hind femur width. 3.7 
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Color: Ground color body usually approxi- 
mately Colonial Buff, changing Isabella Color 
Old Gold more northern forms. Median 
dorsal stripe occiput and pronotum usually 
Wood-Brown, very pale, faint and more narrow 
than usual for the genus, sometimes Olive- 
Brown and well defined; light streak center 
usually present, narrow, same ground color. 
Postocular stripe usually absent but faintly 
indicated occiput and sides pronotum 
same color median dorsal stripe. Antennae 
Flesh-Ochre. Tegmina usually Light Olive-Gray, 
becoming Mouse-Gray more northern forms, 
often with small, indefinite dark maculations, 
pale shoulder stripes absent only faintly in- 
dicated. Three broad indefinite bands lateral 
surface hind femur usually Drab Fuscous, 
sometimes Dull Blackish-Green. 
varying from Pale Vinaceous through Mauve 
Columbia Blue, the color being darkest stripe 
the full length the ventral surface. Spots 
sides first two three abdominal segments 
present about one-tenth specimens, particu- 
larly darker ones. Colors usually more contrast- 
ing and darker more northern forms. 

Variation: the basis external mor- 
phology, tenuipennis the most highly variable 
species the genus. The eyes some speci- 
mens, particularly males, are decidedly more 
prominent than typical and this character 
resulted the description two Scudder’s 
synonyms, oculatus and arizonensis. The con- 
siderable range variation the male cerci 
shown Plate II, figs. 8-18. Variation other 
characters discussed under the species minor 
the discussion Relationship tenui- 
pennis and 

The variation length body about the 
same that elegans and minor. The phallic 
structures are very uniform, the chief differences, 
aside from the variation the median fork 
the aedeagus described under Struc- 
being the number and position the 
minute tubules extending from the forks the 
aedeagus into the web, differences characteristic 
small isolated populations individuals. 
color the species much less variable than 
are elegans and 

Synonymy: Hebard (1935b, 300) correctly 
synonymized arizonensis and oculatus, both 
Scudder 1897, with tenuipennis. also incor- 
rectly placed uniformis Scudder 1897 syno- 
nym. This name evidently synonym 
Poecilotettix longipennis (Townsend) 1893, 
indicated above the discussion the species 
formerly included the genus. 

Distribution: Southern California San 
Bernardino Co. and Western Kern Co., south 
the Mexican border except near the coast, 
where apparently found only Palm City 
south San Diego; north slender finger 
between the Sierra Nevada Mountains and the 


Nevada state line Coleville. Southern 
tip Nevada west the Grand Canyon National 
Park and probably just north the Park. All 
Arizona south and west the Mogollon 
Plateau and south the Grand Canyon National 
Park, extending very little into New Mexico 
Rodeo near its south-western corner. Through- 
out western half Utah and extending east 
nearly eastern border Grand Co. (where 
chenopodii also.found), north Buhl, Idaho. 
indicated that material the Academy 
Natural Sciences Philadelphia extends the 
distribution somewhat beyond the limits given 
here. Extensions the known distribution 
should expected northward and westward 
California and possibly northward Idaho. 
The species obviously must occur Northern 
Mexico south California and Arizona but 
records have been published from this area and 
specimens are available. Bruner’s (1883, 
60) record Caloptenus the Pacific 
Coast may this species. 

Specimens Examined: 731; 422 males, 309 fe- 
males. 

CALIFORNIA: Mono Co.: Coleville, July 28, 
Wallace) (Saltbush and sage, adults common. 
Northern limit California. Specimens quite 
small and dark, tegmina not reaching tip 
Pine, June 16, 1937 (Jean Russell) CAS; 
Lone Pine, July 27, 1947 (R. Beamer, 
Olmsted, Wallace) (Specimens rather small 
and dark, but long-winged. Adults and nymphs 
present but rare.) SNOW; Cartego, 
July 26, 1947 (R. Beamer, Elbel, 
Little Lake, July 26, 1947 (R. Beamer, 
Olmsted, Wallace) (Saltbush and 
grasses; adults abundant.) 9,SNOW; 
Kern Co.: Saltdale, July 26, 1947 (R. Beamer, 
Wallace) (Saltbush-greasewood desert 
hills; adults abundant.) SNOW; Mojave, 
July 25, 1947 (R. Beamer, Wallace) 
(Adults numerous, fairly small but 
SNOW; Los Angeles Co.: Lancaster, 
August 1897 (A. Morse) USNM; 
25, 1947 (H. Wallace) (Roadside saltbush and 
greasewood; Aeoloplides rare.) SNOW; 
Palmdale, July 25, 1947 (R. Beamer, 
Riverside Co.: Indio, July 8-9, 1907 (A. 
29, 1907, USNM CAS; Indio,July 19, 
1947 (R. Beamer, Elbel, Michiner, 
Olmsted, Wallace) (Adults numerous 
Coachella, May 25, 1928 (Jean Russell) 
CAS; Blythe, July 19, 1947 (R. Beamer, 
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side saltbush; adults numerous, nymphs common.) 
SNOW; San Diego Co.: Palm City, 
July 22, 1947 (R. Beamer, Wallace) 
(Adults and nymphs present, saltbush sea- 
(Jean Russell) SNOW; Co.: 
Coyote Wells, July 20, 1947 (R. Beamer, 
Wallace) (Adults common scattered saltbush. 
SNOW; Centro, July 20, 1947 
(Adults common roadside saltbush. Some 
these are the largest the entire series.) 
SNOW; Westmoreland, July 20, 1947 
(Saltbush-greasewood desert; scarce.) 

NEVADA: Clark Co.: September 15, 1931 (E. 
Davis) (On Russian thistle.) USNM; 
mi. Beaty, July 24, 1942 (C. Hubbs) 
UMMZ. 

ARIZONA: Coconino Co.: mi. Grand 
Canyon Williams Rd., September 1935 
(G. Hubbell) (All Coconino Co. specimens, 
including those listed below, are strongly melan- 
istic, small for the species, and with tegmina 
usually not quite reaching tip abdomen 
females.) UMMZ; Williams, September 
August 18, 1947 (R. Beamer, Michiner, 
Wallace) (Smallest specimens the series. 
Nymphs and adults fairly common roadside 
saltbush but not stunted saltbush field.) 
SNOW; Maricopa Co.: Phoenix, 
August 13, and 17, 1901 (R. Kunzé) 
Phoenix, July 10, 1902 (R. 
Kunzé) Tempe, July 15, 1918 (R. 
Beckwith) USNM; Pinal Co.: Sacaton, 
July 11, 1947(R. Beamer, Michiner, 
Olmsted, Wallace) (Unmixed saltbush 
desert; adults abundant.) SNOW; 
Eloy, July 11, 1947 (R. Beamer, Olmsted, 
Wallace) (On saltbush; scarce.) 
SNOW; Pima Co.: Jaynes, July 11, 1947 (R. 
bush; adults and nymphs common.) 
SNOW; Co.: Yuma, July 1897 
(S. Scudder) USNM. 

New Mexico: Hidalgo Co.: Rodeo, July 
SNOW. 

Davis Co.: shore Great Salt Lake 
mi. Salt Lake City, June 21, 1921 (A. 
Ortenburger) UMMZ; Sanpete Co.: Fay- 
ette, July 12, 1939 (R. White) USNM; 
Sevier Co.: Elsinore, August 12, 1936 (D. 
Lindsay) SNOW; Washington Co.: Junct. 
Fork Virgin River and Clear Creek, Zion 
Natl. Park, July 22, 1952 (T. H., 
Hubbell) 

Co.: Buhl, Aug. 12, 1933 (D. 
Fox) (On Russian thistle.) USNM. 

Type Material: Based one male only; Fort 


Grant, Graham County, Arizona, date 
collector given. Figured Scudder (1897d, pl. 
fig. 5). Natl. Museum (No. 13). 
Cited Rehn Hebard (1912, 76). 


minor (Bruner) 1904 
Pl. Fics. 18, 22, 23; Pl. III, Fics. 
10; Pl. map. 
Aeoloplus turnbulli Caudell 1903, nec Thomas 1872 [misi- 
dentifications]: Caudell 1903, 798; Gillette 1904, 


Aeolopus minor Bruner 1904: Bruner 1904, pp. 60-61; 
Gillette 1904, 42; Kirby 1910, 500; Rehn Hebard 
1912, 123 [designation hololectotype]; Hebard 
1929, 371; Alexander 1941, 155. 

eremiaphila Hebard 1919: Hebard 1919, 263, 
pl. 29, Fics. Colcord 1921, Rivers 1948, 
688. 

Diagnosis: tenuipennis but usually 
much smaller 11-17 mm.; mm. 
length) and with tegmina seldom reaching tip 
abdomen (usually much shorter) and evenly 
narrowed rounded apex. 

Structural Characters: Width frontal costa 
about 1.5 (male) and 1.25 (female) times least 
distance between eyes. Prosterual spine with 
caudal side slanting definitely cephalad from base, 
only moderately acute (usually forming nearly 
equilateral triangle side view), tip usually 
bluntly rounded. Intermesosternal space male 
parallel-sided except for flare anterior and 
posterior ends, female varying from quadrate 
1.75 times long wide. Intermetasternal 
space female about six times long width 
narrowest point. Inner posterior corner 
hind coxa only slightly produced form 
obtuse tooth. Ventral basal wedge hind femur 
well developed, projecting ventrad both sexes 
for distance about one-half its width base 
when viewed laterad. Tegmina very rarely reach- 
ing tip abdomen males and almost that 
long females but usually much shorter, vary- 
ing almost short pronotum, sides evenly 
converging from widest point rounded apex, 
varying from 2.7 4.3 times long greatest 
width (measured with tegmina removed and 
flattened). Furcula pair very small lobes. 
Cerci male with dorsal margin strongly arched 
basal third, ventral margin nearly straight; 
moderately tapering middle third; apical fourth 
about one-third wide greatest width 
cercus, subequal width and straight, about 2.3 
times long greatest width. Basal tooth 
ventral valve ovipositor reduced, very 
obtuse and rounded nearly obsolete. 

Phallic Structures: Median fork aedeagus 
2.7 4.0 times long greatest width, slightly 
wider than lateral fork, nearly parallel-sided, 
broadly rounded apex, with variable number 
tubular processes extending apex web 
from apex and lateral edge fork; flexure 
shaft abrupt, right-angled elbow, distance 
from base fork outside point elbow 
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three times that from base fork apex 
web median fork. Epiphallic plate orbicular, 
ancora each side almost broad long, each 
lophus with pronounced broadly rounded 
projecting upward from laterodistal corner 
that dorsal margin lophus not straight 
line, lophus with distinct projecting 
that median border meets epiphallic plate 
acute angle. 


Measurements (mm.) of Male Female 
selected specimens Large Medium Small Large Medium Small 


11.5 21.0 15.5 13.5 


Body length. 17.5 14.5 

Pronotum length 4.3 3.5 3.0 5.0 4.0 3.3 
Tegmen length. 7.5 9.1 5.5 9.0 8.0 6.3 
Tegmen width 2.5 2.4 1.7 3.3 2.8 2.0 
Hindfemurlength 9.1 8.2 7.0 11.0 9.0 7.5 
Hind femur width. 2.8 2.7 2.3 3.5 2.8 2.3 


Color: Very similar all parts insect 
except that dark postocular stripes 
head and pronotum are sometimes well de- 
fined and same color median dorsal stripe. 
Dark spots sides first two three ab- 
dominal segments present about three-fourths 
specimens. Darker specimens predominate. 

The Relationship tenuipennis and minor: 
The difficulty encountered constructing that 
portion the key which separates 
from minor emphasized the possibility that 
tegmina, the most obvious distinguishing char- 
acter, not very satisfactory for diagnosis this 
genus. most the specimens 
from Williams Coconino Co., Arizona and 
northward the tegmina reach 
short the tip the abdomen, though longer 
tegmina are typical the species. Specimens 
minor from Valmey, Nevada, have the tegmina 
slightly surpassing the tip the abdomen the 
male and nearly that long the female. 
minor the length the tegmina not clearly 
correlated with north-south distribution 
fenuipennis. Specimens minor from Love- 
lock, Nevada, have the wings sufficiently de- 
veloped for flight, while those from Wadsworth, 
miles the southwest, are brachypterous. 

The difference the ventral basal wedge 
the hind femur, particularly the male, appears 
dependable (except the few available 
specimens tenuipennis from Coconino County, 
Arizona, some which have femoral wedge 
similar that minor), but small difference 
degree development. The shape the 
prosternal spine will separate most specimens 
these two forms (including the Coconino County 
specimens) but somewhat variable and 
cannot used absolute criterion. The 
width the intermetasternal space the female 
presents small difference which not too de- 
pendable. The differences the phallic struct- 
ures the two forms are slight and not depend- 
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able, though small but constant differences exist 
between all the other species the genus. 
Further collecting the areas contact over- 
lap the ranges these two forms may demon- 
strate the regular occurrence specimens in- 
termediate all these characters. The few 
specimens available from these areas indicate 
that the two forms are distinct. Specimens 
tennuipennis from Cima California, Beatty 
Nevada and Zion National Park Utah are 
typical the species while specimens from the 
adjacent localities Cuchenberry Ranch 
fornia, Spring Mountain Nevada and Pipe 
Springs Arizona are typical minor. The 
Coconino County population 
separated from minor the Grand Canyon, 
interbreeding cannot occur. any case, the 
two forms are certainly distinct enough 
retained subspecies, even they should 
determined conspecific. 

Tinkham (1938, 347) referred 
tenuipennis tenuipennis indicating that 
recognized least two subspecies 
Hubbell, listed under Aeoloplus the form 
minor Bruner with the un- 
search the literature has failed reveal that 
minor has been reduced subspecific rank 
publication. Until more material from the areas 
contact overlap these two forms studied, 
seems best retain minor distinct species, 
which, truth, may be. 

Synonymy: Through the loan three para- 
types (one male and two females) Aeoloplus 
eremiaphila Hebard the Academy Natural 
Sciences Philadelphia, and the loan 
paratype female Aeoloplus minor Bruner 
the Colorado Agricultural College, and with the 
extensive series assembled for this study, was 
Rehn (in 1946) that Hebard’s eremiaphila 
synonym minor, the two forms being insepar- 
able even subspecies. 

Distribution: Bluejoint Ranch near Bluejoint 
Lake Lake Co., Oregon the northernmost 
record and the only record 
tributed throughout nearly all Nevada 
lower elevations west Elko and Ely, south 
take small part the southwest corner 
Utah and the extreme northwestern corner 
Arizona. Eastern Nevada may included 
the distribution when this area investigated. 
Southern limits are near Pipe Spring, Arizona 
and Cuchenbury Ranch San Bernardino Co., 
California, about miles from the border across 
from Las Vegas, Nevada. Probably the northern 
and western borders the Grand Canyon 
National Park define fairly well the southern limit. 
The distribution extends into Northwestern 
fornia Amadee Lassen Co. The species 
also found Delta, Colorado, the type locality, 
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widely separated from the main area distribu- 
tion and also occupied chenopodii. Further 
collecting may extend the known distribution 
north nearly the northern border Oregon, 
but extensions other directions will probably 
not very great. Caudell’s (1903, 798) and 
Gillette’s (1904, 42) records turnbullii 
Delta, Colorado must refer this species, since 
turnbullii does not occur west the continental 
divide Colorado. 

Specimens Examined: 335; 181 males, 154 
females. 

OREGON: Lake Co.: Bluejoint Ranch, near 
Bluejoint Lake, 4350 ft., August 30, 1928 (Rehn 

CALIFORNIA: Lassen Co.: Amadee, 3960 ft., 
August 22, 1922 (Rehn Hebard) 
ANSP; San Bernardino Cuchenbury Ranch 
about miles across the state line from Las 
Vegas, Nevada, August 31, 1919, ANSP. 

NEVADA: Winnemucca, July 
30, 1947 (R. Beamer, Michiner, 
Olmsted, Wallace) (Saltbush-sage desert 
flat valley floor. Adults common.) 
Valmy, July 30, 1947 (R. Beamer, 
flat, almost other vegetation. 
Carlin, September 18, 1942 (C. Wilson) 
Elko, July 30, 1947 (R. Beamer, 
Elbel, Michiner, Wallace) (Greasewood 
and rabbit-brush (Chrysothamnus). Adults con- 
lock, July 29, 1947 (R. Beamer, Michiner, 
Olmsted, Wallace) (Saltbush and 
greasewood; adults abundant but hard collect, 
collected trampling. Specimens averaging 
larger and more greenish than usual.) 
SNOW; Washoe Co.: Wadsworth, July 29, 
Olmsted, Wallace) (Adults and nymphs 
scarce.) Lyon Co.: Mason, 
4500-5700 ft., September 1910 (Paratypes 
Hebard Collection, Mineral Co.: Haw- 
thorne, September 1919 (J. Rehn, 
Hebard) ANSP; Gillis Range, miles 
east Mina, 4800 5700 ft., September 1910 
(Paratype Aeoloplus eremiaphila Hebard.) 
Hebard Collection, ANSP; Nye Co.: mi. 
Millett, 5550 ft., September 1924, 
ANSP; Tonopah, August 27, 1922, 
ANSP; Clark Co.: Lee Canyon, Spring 
Mtn., 6000 ft., August and 20, 1919 (J. 

ARIZONA: Coconino Co.: Base Vermillion 


Cliffs, mi, Pipe Spring, 1100 ft., Sep- 
tember 1926 (J. Rehn, Hebard) (The 
largest specimens the series.) ANSP. 

Delta Delta, July 13, 1910 
(Paratype Aeoloplus minor Bruner.) 
CA&M. 
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Type Material: Based series both 
sexes from single locality. Single type desig- 
nated Rehn Hebard (1912, 123): male, 
Delta, Colorado, July 13, 1901. Hebard 
tion (ex. Bruner), Academy Natural Sciences 
Philadelphia. 


Aeoloplides turnbulli bruneri (Caudell) 1907 
Pl. IV, map. 

Aeoloplus regalis Scudder 1897, nec Caloptenus regalis 
Dodge 1876: Scudder 1897d, pp. 69, pl. Fic. 
Scudder Cockerell 1902, 42; 
Rehn Hebard 1906, 401; Rehn Hebard 1912, 
[designation hololectotype regalis Scudder nec 
Dodge]; Claassen 1917, 17. 

Aeolopus Auct., nec Thomas 1872: Bruner 1885, 
139; Brune: 1897, 135 Gillette 
1904, pp. Claassen 1917, 17. 

Aeolopus Caudell 1907: Caudell 1907, 
[change name from regalis]; Caudell 1911, 165; 
Rehn Hebard 1912, [designation hololecto- 
type]; Caudell Hebard 1912, 162 [type designation 
mentioned]; Milliken 1915, Fics. (in 1920 and 
1923 editions Fics. 7); Caudell 1916, 24, 
11; Milliken 1917, pp. 24, Fics. 11, 17; Hebard 1919, 
263; Colcord 1921, Colcord 1925, 11; Hubbell 
1922, pp. 35-36; Hebard 1925, 97. 

Asemoplus (Caudell) 1907: Kirby 1910, 507; 
Zacher 1925, 230. 

Aeoloplus turnbulli plagosus Auct., nec Scudder 1876 
Hebard 1925, [reduced race; misidentification 
due confusion over type locality]; Hebard 1929, 
370; Hebard 1931, pp. 172-173; Hebard 1935, 
identification recognized and synonymy es- 
tablished]; Smith 1943, 129, pl. Fic. 

Aeoloplus turnbulli bruneri (Caudell) 1907: Hebard 1935, 
[reduced race]; Hebard 1936, pp. 43-44, 62; 
Hebard 19; Blair Hubbell 447; 
Alexander 1941, 155; Wilbur Fritz 1942, 109; 
Hauke 1953, pp. 53-54. 

Diagnosis: Resembling elegans but averaging 
larger (males mm., females mm. 
length), more robust; green color and ochre head 
and pronotal markings usually prominent; tooth 
hind coxa low and broadly obtuse. 
usually reaching tip abdomen. 

Structural Characters: Width frontal costa 
both sexes equal very slightly greater 
than least distance between 
sternal space male only moderately clepsydral, 
nearly quadrate female. Intermetasternal 
space female about three times long width 
narrowest point. Inner posterior corner 
hind coxa produced form low, broad, obtuse 
tooth. basal ventral wedge hind femur. 
Tegmina usually reaching slightly surpassing 
tip abdomen both sexes, 3.7 4.9 times 
long greatest width (measured with tegmina 
removed and flattened); ratio length 
greatest width least smallest specimens and 
increasing directly with total length insect. 
Furcula present pair very small obtuse 
projections. Cerci male with length 2.2 2.5 
times greatest width, moderately tapering 
basal two-thirds; apical third subequal width 
throughout, about one-third wide greatest 
width cercus, deflexed nearly straight. 
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Basal tooth ventral valve oviposter prom- 
inent, pointed and right-angled. 

Phallic Structures: Median fork aedeagus 
1.8 2.0 times long greatest width, sides 
parallel gradually converging toward rounded 
apex, with variable number tubular processes 
extending edge web from apex and lateral 
margin fork; flexure shaft abrupt, right- 
angled elbow, distance from base fork out- 
side point elbow about 1.33 times distance from 
base fork apex web median fork. 
Epiphallic plate very 
(nearly equilateral), ancora each side with 
length about 1.33 times greatest width, each 
lophus with dorsal margin nearly straight (some- 
times slightly indicated), median 
margin lophus slightly concave, forming 
slight medio-dorsal corner, lateral 
border meeting epiphallic plate nearly right 
angle. 


Female 
Large Medium Small 


Male 
Large Medium Small 


Measurements (mm.) of 
selected specimens: 


Body length.. 24.0 18.0 16.0 29.0 26.0 17.5 
Pronotum length 6.0 5.0 4.5 7.5 6.0 4.3 
Tegmen length. 21.0 16.0 11.0 21.0 16.0 11.5 
Tegmen width 4.8 3.8 3.0 5.0 4.0 3.0 
Hind femurlength 13.5 12.0 10.0 17.0 14.0 “10.0 
Hind femur width. 3.7 3.5 3.0 48 4.0 3.0 


Color: Ground color body ranging from 
Olive-Buff Wood-Brown. Dark head and 
pronotal stripes range from Dark American 
Green (in green phase) black, almost always 
prominent, median dorsal stripe the darker. 
Narrow buffy streak center median dorsal 
stripe often present. Two dorsal light stripes 
usually least partly Ochraceous Buff, especially 
the head, except specimens brown phase. 
Antennae Salmon-Orange, tending toward Flesh- 
Ochre brown phase. Tegmina American 
Green (in green phase) Dark Olive-Gray, with 
pale stripe along shoulder between remigium and 
vanus, sometimes faintly maculate. Hind femora 
with three broad bands about same color 
median dorsal pronotal stripe, the first shorter 
and less distinct, second and third very distinct, 
all three often running together near their centers. 
Hind tibiae Dusky Green-Blue Bremen Blue, 
usually the darker color, sometimes fading 
buff cabinet specimens. Annulus near base 
hind tibiae always indicated and usually well 
defined, somewhat lighter than general body 
color. Spots sides first two three ab- 
dominal segments present about one-tenth 
specimens. Most specimens are green phase 
but brown and intermediate phase specimens 
are common. 

Distribution: Hebard (1936) gives South Heart 
and Medora, North Dakota, the northern 


limits this form. the present series the 


specimens each from Medora and Amidon 
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(about miles south and little east Medora) 
are typical With material 
typical bruneri from the Dakotas available but 
the basis specimens turnbullii from 
Agate and Chadron Nebraska and Capa 
South Dakota, seems more nearly correct 
set the northern boundary Nebraska the 
provisional northern limit bruneri. This form 
probably occurs throughout most Western 
Nebraska except Sioux and Dawes Counties 
and Northern Sheridan County the north- 
bullii). found Lincoln near the eastern 
border Nebraska but the next most easterly 
record Cambridge Furnas Co. the 
southern part the state near the center. 
Further collecting may fill records connecting 
these two localities but this does not seem likely 
view the fact that the easternmost record 
Kansas state which has been thoroughly 
collected for this form) Arno Co., almost 
exactly the east-west center the state and 
longitude about half-way between Cambridge 
and Lincoln. Other easternmost records Kan- 
sas are Osborne, Russell and Pratt Counties. 
The easternmost records distribution continue 
south Oklahoma through Alfalfa, Major and 
Cotton Counties and Texas through Wichita 
and Mitchell Counties, with Big Spring, Texas 
the southernmost record for the 
seems likely that further collecting will extend 
the distribution records somewhat farther south 
and perhaps farther east Texas. the 
western side the distribution the form 
limited roughly Pine Ridge the north- 
western corner Nebraska, the foothills the 
Rocky Mountains South-Eastern Wyoming 
and Colorado, and the Sangre Cristo 
Mountains Southern Colorado and Northern 
New Mexico. Specimens from these western 
limits grade into turnbullii, which found 
the foot-hills and few lower mountain valleys 
well large area the plains north 
Colorado. Gillette’s (1904) record this form 
from Delta, Colorado was evidently misidenti- 
fication. 


Specimens Examined: 528; 183 males, 215 
females. 

NEBRASKA: Dawes Co.: August 1938, 
Scotts Bluff Co.: Gering, August, 
NSC; Morrill Co.: Bayard, August 1951 (H. 


Cheyenne Co.: Sidney, July 30, 1921 (H. 


Jones) NSC; Garden Co.: Lewellen, August 
19, 1951 (H. Hauke) HSW; Perkins 
Co.: Madrid, July 25, 1951 (H. Hauke) 
HSW; Dundy Co.: Haigler, August 1901 
(L. Bruner) NSC; Hitchcock Co.: Trenton, 
July 30, 1947 (H. Hauke) NSC; Culbert- 
son, August 1901 (L. Bruner) NSC; 
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Redwillow Co.: McCook, August 1901 (M. 
Carriker, Jr.) NSC; McCook, July 25, 1951 
August 23, 190?, NSC; McCook, July 
bridge, July 11, 1920, August and 11, 1921, 
July and 21, 1923, August 11, 1923 (A. 
Morse) UMMZ; Lancaster Co.: 
Lincoln, July 1939 (C. Schleuter) NSC; 
July 21, (W. Darlington) NSC; 
Lincoln, August 11, 1939 (R. Bates) NSC. 

Weld Co.: Greeley, UMMZ; 
Powars, August 28, 1951 (R. Dreisbach) 
UMMZ, Keenesburg, September 1935 
October 1935 (H. Wallace) HSW; 
Denver, August 1934 (H. Wallace) 
HSW; Yuma Co.: Vernon, August 11, 1939 
Colorado Springs, August 1916 (H. Baker) 
UMMZ; Huerfano Walsenburg, August 
Rocky Ford, September 14, 1898 (S. Scudder) 
UMMZ; Junta, July 22, 1919 (Rehn 
Hebard) Prowers Co.: Lamar, 
September 10, 1898, July 28, 1909, 
previously recorded localities, USNM, CSE, 
CA&M. 

Norton Co.: August 27, 1923 (C. 
Brown) UMMZ; Norcatur, August 25, 1923 
(C. Brown) UMMZ; Meade Co.: State Park, 
June and 23, 1938 (C. Hibbard) 
UMMZ; WEsTERN Kansas: 115 specimens 
from previously recorded localities, KSC, USNM. 

OKLAHOMA: (All UMMZ): Cimarron Co.: 
Kenton, July 1926 (T. Hubbell) 
9;3 mi. Kenton, July 2-7, 1926 (A. 
Rennie) Cimarron Co., August 27, 
1951 (R. Dreisbach) Texas Co.: Hooker, 
Guymon, June 28, 1926 (T. Hubbell) 
Beaver Co.: Gate, July 10, 1926 (T. Hubbell) 
Harper Co.: Buffalo, September 13, 
mi. Buffalo, July 10, 1926 (T. Hubbell, 
July 13, (R. Bird) Alfalfa Co.: Salt 
Plains near Cherokee, June 13-15, 1930 (R. 
Bird) Greer Co.: July 1940 (C. 
Smith) Harmon Co.: June 1926 
Co., June 7-8, 1938 (W. Blair) 
Jackson Co.: Olustee, June 1938 (W. Blair) 
(W. Blair) Cotton Co.: June 21, 1940 

Deaf Smith August 20, 1939 (L. 
Spain) USNM; Carson Co.: Skelly- 
town, August 14, (G. Friauf) 
Wichita Co.: Wichita Falls, August 18, 
1905 (A. Morse) UMMZ; Howard 
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Co.: Big Spring, June 20, 1947 (R. 
Beamer, Michiner, Wallace) (In 
greasewood chiefly, also grass and ground 
but not bare spots.) SNOW; 
Mitchell Co.: Colorado, July 21, 1935 
Cantrall) UMMZ. 

Type Material: Rehn Hebard (1912, 76) 
designated single type from the misidentified 
series which Scudder (1897d, 72) based his 
description Aeoloplus regalis, the same speci- 
mens which served the syntype series 
Caudell’s new name, bruneri. The type selected 
was Scudder’s figured male pl. fig. 6), 
Lakin Co., Kansas, elevation 3,000 ft.; Scudder 
Collection. Other specimens the original series 
are the Museum Comparative Zoology and 
the National Museum. 


Aeoloplides turnbullii turnbullii 
(Thomas) 1872 
IV, map. 

Caloptenus Thomas 1872: Thomas 1872, 452, 
pl. II, Fic. 10; Glover 1872, pl. Fic. 10; Thomas 
1873, 158; Thomas 1878, 42; Scudder 1880, 75; 
Bruner 1884, 58; Hebard 1927, [designation 

plagosus Scudder 1876: Scudder 1876a, 504; 
Scudder 1876b, 284; Scudder 1880, 
Bruner 1885, 139 [syn.]; Scudder 1889, 75; Hebard 
1935b, [syn.]. 

(Thomas) 1872: Bruner 1885, 
139; Bruner 1893, 28. 

Aeoloplus plagosus (Scudder) 1876: Scudder 1897a, 
205; Scudder 1897d, pp. 76-77, pl. VI. Fic. Scudder 
Cockerell 1902, Caudell 1903, 797; Bruner 1904, 
61; Gillette 1904, 42; Kirby 1910, 501. 

Aeoloplus (Thomas) 1872: Scudder 1897a, 
205; Scudder 1897d, pp. 69, 75, pl. Fic. 10; Brunner 
798; Bruner 1903, pp. 273, 280-281; Bruner 1904, pp. 40, 
48; Gillette 1904, pp. 42-43; Kirby 1910, 501; Hebard 
1925, 97; Hebard 1927, 

Aeoloplus (Thomas) 1872: Hebard 
1925, pp. 97-98 [reduced race]; Hebard 1929, 37; 
Hebard 1932, 254; Hebard 1935, pp. 62-63; Hebard 
1936, pp. 43-44; Tinkham 1939, 125; Alexander 1941, 
155. 

Diagnosis: Differing from turnbullii bruneri 
chiefly the tegmina which usually not 
reach the tip the abdomen and have the sides 
regularly convergent the small rounded apex, 
the smaller size (males, 11-19 mm.; females 
16-21 mm. length), and usually having the 
green color largely replaced brown blackish- 
brown. 

Structural Characters: Almost identical with 
except for tegmina, which usually fall 
distinctly short tip abdomen and have the 
sides nearly straight and regularly converging 
that near the small rounded apex the width 
less than half that the widest point, length 
about 3.3 4.1 times greatest width. Cerci 
male usually straight. 

Phallic Characters: Very similar bruneri, 
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but lophus each side epiphallus often with 
slightly indicated laterodistal corner. 


Measurements (mm.) of Male Female 
selected specimens Large Medium Small Large Medium Small 


Body length 18.5 16.5 11.0 21.0 18.5 16.0 


Pronotum length 5.0 40 3.1 5.2 4.5 4.2 
Tegmen length 11.0 9.0 5.8 10.0 9.3 8.5 
Tegmen width. 3.7 2.5 15 3.0 2.5 2.5 
Hind femurlength 11.0 9.2 7.0 11.3 10.0 9.0 
Hind femur width. 3.4 2.7 2.2 3.5 3.0 2.3 


Color: Usually very similar brown color 
phase bruneri. Some individuals are green- 
ish but never with bright strongly contrasting 
colors. The hind tibiae range from Niagara 
Green through Light Glaucous-Blue Dark 
Olive Fuscous. 

The Subspecies Problem turnbullii: The 
two forms bruneri and intergrade 
wide and yet poorly charted belt which 
includes the Northwestern corner Nebraska, 
probably all the range South 
Dakota and the easternmost part Wyoming, 
and the southwestern corner North Dakota. 
Specimens intermediate character but ap- 
proaching are found the present 
series from Medora and Amidon, North Dakota 
and Agate and Chadron Nebraska. More 
typical turnbullii are also present from these 
localities. The specimens recorded Hebard 
(1925, 97) from Buffalo and Interior South 
Dakota were said Hebard slight 
variation bruneri. 

North and west this zone intergradation 
found typical although showing 
considerable variation size, color and develop- 
ment the tegmina. This northern plains 
population thus appears conform the usual 
conception distinct subspecies with zone 
intergradation connecting with the more 
southern subspecies 

foot-hills south Wyoming are considered, the 
issue much less clear. These individuals 
nearly all show some tendency towards bruneri 
and are never typical as. are 
the specimens from Billings, Montana and Wor- 
land, Wyoming. These foot-hill and mountain 
valley forms look very much like the very nar- 
row western edge the bruneri population pushed 
onto the foot-hills into environment for 
which poorly adapted. most places this 
strip turnbullii distribution only few 
miles wide. the three mile wide area between 
Leydon, Colorado and the timbered area 
the the Aeoloplides are definitely 
turnbullii, while Denver (15 miles south-east 
Leydon) the specimens are definitely bruneri 
though with strong tendencies. 
see how this very long and very 
narrow belt population, crossing Colorado and 
part New Mexico, could maintain itself 


distinct subspecies, considering that every- 
where contact with and grading into 
These foot-hill forms give every appearance 
being bruneri which have developed less 
favorable environment; although they resemble 
the northern plains specimens 
they may actually ecological forms genetically 
inseparable from brunert. 

further complicate matters, almost any 
large series (100 more specimens) from any 
area well within the range bruneri likely 
contain one two specimens which closely 
resemble but which are seldom 
quite small enough quite brown enough 
classed typical. sorting without regard 
locality labels, these specimens would placed 
unquestionably with specimens 
from the northern plains. example, 
the present series single male from Major Co., 
Oklahoma resembles while the other 
257 Oklahoma specimens are definitely bruneri. 
These atypical bruneri are 
from near the periphery the distribution 
but are scattered throughout the range the 
subspecies. 

For further comment this problem, see 
remarks under “Variation” the description 
the genus. 

Distribution: Northern limits are set Willis- 
ton North Dakota and Alberta. 
Eastern limital records are Williston, South 
Heart and Hettinger North Dakota, and 
Pierre and Capa South Dakota. its south- 
ernmost recorded points distribution Capa 
South Dakota and Agate, Chadron and 
Gordon Northwestern Nebraska, this form 
grades into interspersed with bruneri 
that both forms have been reported from some 
these localities. Since this area intergrada- 
tion has been poorly collected, the southern 
limit this form can set only provisionally. 
Agate, Chadron and Gordon Nebraska, the 
Nebraska-South Dakota state line east Sheri- 
dan Co., Nebraska, and line connecting Agate 
Nebraska with Cheyenne Wyoming appear 
mark this southern limit. The western limit 
this form marked the Rocky Mountains, 
very narrow belt through Colorado and Northern 
New Mexico. The form found the valley 
the Arkansas River far Salida and prob- 
ably occurs some other broad valleys the 
eastern slope the Rocky Mountains. 
will probably not found farther south than 
Estancia, New Mexico, the present southern- 
most record. Bruner’s (1883, 60) record 
the Pacific Coast certainly error, also 
Gillette’s (1904, 42) record plagosus 
Delta, Colorado. 

Specimens Examined: 159; males, females. 

Gallatin Co.: August 25, 1937 
Skoog) USNM; West Yellowstone, 
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water Co.:August 27, 1938, USNM; 
stone Co.: Billings, July 20, 1904, (A. Morse) 
July 1921 (A. Ortenburger) UMMZ; 
Prairie Co.: July 17, 1946 (S. Eckley) 
CSE; Dawson Co.: Glendive, July 26, 1909, 
August 1933, USNM. 

(All UMMZ): Co.: 
Buford, July 23, 1920 (A. Olson) 
Billings Co.: Medora, July August 1920 
Hubbell) Slope Co.: Amidon, August 23, 

Dakota: Jones Co.: Capa, August 
1919 (H. Severin) (in copula), 

Bighorn Co.: Greybull, June 29, 
1922 (S. Lockwood) (Collected wheat.) 
USNM; Bighorn Basin, August 13, 1910 (L. 
Bruner) NSC; Sheridan Co.: Aug. 24, 
1938, USNM; Arvada, July 28, 1921 
(S. Lockwood) USNM; Washakie Co.: 
Worland, August 1911, UMMZ; 
August 25, 1938 (Smallest specimen 
series.) USNM; Weston Co.: Newcastle, 
CA&M; Converse Co.: Douglas, July 12, 
USNM. 

NEBRASKA: Agate, August 19, 1951 
(H. Hauke) HSW; Dawes Co.: 
Chadron, August 28, 1951 (H. Hauke) 
HSW. 

Larimer Co.: September 1938, 
USNM; Co.: August 27, 1938, 
Pikes Peak, August 1916 (H. 
Co.: Salida, August 1901 Caudell) 

New Mexico: Torrance Co.: Estancia, June 
30, 1947 (R. Beamer, Michiner, 
Wallace) (Semi-desert, saltbush and gramma 
grass. Nymphs common side road, but 
few adults and these teneral.) 
SNOW. 

Type Material: designating the hololecto- 
type, Hebard (1927, stated: 
from both sexes, taken between Red Buttes and 
Independence Rock, Wyoming, Dr. 
Turnbull. There are three males and female 
the National Museum, apparently belonging 
Thomas’ series, one the former best 
condition being selected Single Type. The 
female labeled The type 
not confused with another Red Buttes near 
Laramie, Wyoming. There indication 
how many specimens were the original series. 
search the literature failed reveal 
selection single type from the one male and 
one female which the synonym 
plagosus Scudder 1876 based. 
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WATER LOSS FROM INSECTS TREATED WITH PYRETHRUM 


ROBERT INGRAM, Chemical Corps Medical Laboratories, Army Chemical Center, Maryland 


INTRODUCTION 


The experiments reported below were prompted 
the excessively wet appearance flies dying 
after treatment with pyrethrum. reviewing 
the literature the physiological effect 
pyrethrum poisoning, very little information 
was found regard water loss. Wiggles- 
worth (1941) reported that pyrethrum poisoned 
Rhodnius did not lose weight significantly 
greater rate than did non-treated insects that were 
deprived food and water, except for the first 
day when there was slightly greater loss the 
treated specimens, presumably because hy- 
peractivity. Wigglesworth believed that the low 
rate water loss was due the fact that the 
spiracles remained closed the poisoned insects. 

noted resumés Metcalf (1948) and 
Brown (1951), most workers who have investi- 
gated the toxicity and mode action pyre- 
thrum agree that acts neuromuscular 
poison. the apparent water loss flies 
real, the question then arises whether 
due merely the increased muscular activity 
ordinarily associated with the early stages 
pyrethrum poisoning. With DDT-treated blow- 
flies (Phormia regina Buck and Keister 
(1949) found high correlation between rate 
water loss and oxygen consumption. The in- 
creased oxygen uptake was attributed 
peractivity. 

have therefore attempted determine 
first whether there significant water loss 
some pyrethrum-treated insects and, 
whether this could considered possible cause 
death. Having answered the first these 
questions affirmatively, then sought ascer- 
tain whether the source the water given off 
liquids increased metabolism, and 
through what means the escapes from 
the body. 


MATERIALS AND METHODS 


House flies (Musca domestica L.) and roaches 
(Periplaneta americana L.) were used the 
experiments. 

The flies were for the most part from cultures 
that are under selection for resistance 
pyrethrum, and were given dosages sufficient 
produce 24-hour mortality 75% 100%. 
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fluid which was observed had the superficial 
physical characteristics water; e.g., looked and 
felt like water, formed very definite interface with the 
waxy cuticle, and readily wetted and evaporated from 
filter paper. However, attempts were 
analyze the liquid and therefore data are available 
what might have been suspended dissolved it. 


They were exposed quart Mason jars that 
had been coated with the desired concentration 
solution kerosene concentrate. Controls 
consisted flies exposed untreated jars and 
jars that had been coated with the deposit from 
acetone-kerosene solution that contained 
pyrethrum. For further comparison, tests were 
made with DDT (50 mg/ft?) from acetone 
solution the crystalline compound, and the 
flies were exposed for minutes. Except 
otherwise noted, the flies were days old. Room 
temperature during the experiments ranged from 
27° 34° C., shown the tabulation 
results. 

The flies were exposed groups approxi- 
mately 50, following which their production 
carbon dioxide was measured for hours the 
apparatus described Ingram (1954), order 
obtain index the metabolic rate. this 
method, CO, free air passed continuously 
through vessel containing the flies and then into 
solution barium hydroxide. The changing 
turbidity the solution measured photo- 
electrically. Each group was weighed the 
beginning and end this period. Preliminary 
experiments were carried out determine 
weight loss could taken satisfactory 
index water loss. For this purpose, samples 
flies were fed aqueous solution sugar 
containing carmine red hour before treatment. 
Some were then treated with pyrethrum, others 
not. Treated and control groups were held for 
hours Petri dishes, the bottoms which were 
covered with paper. With the aid the 
dye could seen that about untreated 
flies and less than treated flies defecated 
regurgitated during two-hour period, under 
these conditions. was therefore concluded 
that any change weight could interpreted 
due almost entirely loss water other 
routes, especially with the treated flies. 

The roaches were 7th and instar nymphs 
from stock cultures. They weighed approxi- 
mately 900 mg. Some exposed 
pyrethrum deposit mg/sq. ft. treated 
jars, described above; others were dosed 
with acetone solutions the pyrethrum concen- 
trate topical application the thorax 
injection into the abdominal cavity. Two cu. 
mm. pyrethrum solution were used for 
both topical application and injection. Suitable 
controls were made. Two cu. mm. 48: 
acetone-kerosene solution was the solvent control. 
Five roaches were used each test, and the 
weight loss the group was determined 
hours and approximately hours after treatment. 
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The insects were held covered Petri dishes, 
the bottoms which were covered with filter 
paper absorb the excess fluid lost the 
animals, 26° 30° 
RESULTS 
Water loss flies treated with pyrethrum 
weight losses for the various 
groups experimental and control flies are 
significant difference between the pyrethrum-and 
TABLE 


Loss Two Hours AFTER VARIOUS 
CONTACT TREATMENTS 


PERCENT (50 flies/test) 
Solvent 4.2 1.77 


(kerosene-acetone) 


following exposure are summarized Table 
evident that treatment was without signifi- 
cant effect the rate 
average 29.16 cu. mm. was respired 
per hour. Since the average weight fly 
these experiments was 14.8 mg., the mean rate 
was 1.97 cu. mm./mg./hr. 
(=32.8 comparison with 
published data for other species, this average 
value agrees very well with data 
blow-flies, and bees. 

The thoracic spiracles number poisoned 
flies were examined under the microscope 
several occasions. Some the flies had the 
spiracles completely closed, and others were 
only partially closed. 

Weight loss pyrethrum-treated Periplaneta 
americana.—In order ascertain whether in- 
sects other than the house fly react pyrethrum 
similar manner, tests were made with nymphs 
the American roach. The choice this 
species also facilitated comparison results 
obtained with various routes administration. 

The results tests using animals each 
exposed jars coated with mg. pyrethrum/sq. 


TABLE 


CARBON DIOXIDE EXPIRED PYRETHRUM-TREATED AND NON-TREATED FLIES 


14.6 14.4 24.23 .39 1659.4 1901.8 
14.4 14.4 32.43 2272.8 2272.8 


These flies were less than hours old. 
Treated 
Controls 


DDT-treated groups, but that both groups lost 
significantly more weight than the controls. 
The DDT-treated flies were very active during 
most the observation period, whereas the 
pyrethrum-treated flies had been dosed such 
level that the period hyperactivity lasted less 
than minute. Even those DDT-treated in- 
dividuals that had been prostrated for some 
time did not have wet appearance, but wetness 
could seen around the body the pyrethrum- 
treated flies soon after treatment. Flies that 
were exposed coating prepared from the 
acetone-kerosene solvent only did not lose 
significantly greater amount weight than un- 
treated controls, and did not have wet ap- 
pearance. 

urements the carbon dioxide expired treated 
and untreated flies during two-hour period 


TABLE III 


WEIGHT Loss COCKROACHES TREATED WITH 
(Contact) 


Av. WEIGHT (mg) Loss 
TREATED CONTROL TREATED CONTROL 
9/5/53 925.3 1,063.8 7.60 


ft. are shown Table For the treated 
groups, the average loss hours was 7.05%, 
while the controls lost only their 
original weight. 

Average data from experiments 
treatment was topical application injection 
are given Table The possibility that the 
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rate water loss might influenced drugs 
such atropine procaine was explored 
injecting and gamma atropine sulfate 
cu. mm. w/v solution procaine hy- 
drochloride few minutes previous treatment. 
Injections acetone-kerosene solvent and physi- 
ological saline (Hayes, 1953) served controls. 
The volume applied injected was cu.mm. 
all cases. Weight loss was determined after 
hours, and again the following day, about 
hours after treatment. 

The observations indicated that, with 
the flies, there was excessive water loss after 
treatment, and that this was due, for the most 
part, the pyrethrum rather than the acetone- 
kerosene base solvent. Neither atropine nor 
procaine, the dosages given and under these 
conditions, protected the animals against water 
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the above experiments. Simple desiccation 
this degree failed kill the roaches. 

Under microscopic examination small droplets 
fluid were visible the body surface 
pyrethrum-injected and topically treated roaches. 
These occurred all regions, but were most 
prominent the flatter areas the integument, 
where they were visible the naked eye. Since 
these droplets occurred areas that had not 
come contact with the insecticide, was 
apparent that they must indicate some general 
change cuticular properties, rather than 
simple dissolution the waxy protective covering 
the site treatment. 


DISCUSSION 


The water loss the species treated with 
pyrethrum, especially the roaches, was striking 


loss when these animals were treated with that seems surprising that very little work 
TABLE 
MEAN WEIGHT Loss (in Original Weight) COCKROACHES TREATED WITH 
VARIOUS SUBSTANCES BEFORE TREATMENT WITH PYRETHRUM* 
Weight loss after hours 
3.48 (10) 5.36 (9) 4.64 (6) 1.87 (11 (12) (8) 
Weight loss approximately hours 
10.19 (6) 10.97 (7) 12.4 (5) 8.65 (9) 10.4 (10) 7.11 (4) 
| | 
Topical Application 
Weight loss after hours 
6.11 (10) 6.88 (10) 4.97 (3) 1.88 (5) 
Weight loss after approximately hours 
12.7 (6) 13.9 (6) 13.6 (2) 7.20 (4) 12.0 (6) 
| 
| 


pyrethrum. Roaches given gamma atropine 
lost significantly more weight for the 2-hour 
period than did those given only gamma, 
when the pyrethrum was given injection. 
However, after the overnight period there was 
significant difference. Also, there was 
real difference water loss among roaches given 
none, gamma atropine, when pyrethrum 
was applied topically. Roaches which received 
pyrethrum injection less 
water than those which were 
applications, but the route administration made 
difference the rate loss roaches that 
received only the acetone-kerosene solvent. 
Control roaches were kept from food and 
water and desiccated over for several days 
until they had lost more than the 10% 15% 
weight lost result pyrethrum treatment 


*Numbers parenthesis represent the number tests; five animals used each test. 


has been this aspect pyrethrum 
poisoning. 

contrast with what has been reported for 
insects poisoned with DDT (Buck and Keister, 
1949), correlation was found the present 
study between water loss and rate respiration. 
Pyrethrum-poisoned flies produced the 
same rate controls. The increase water 
loss treated flies also cannot have been the 
result hyperactivity, since the flies were given 
such dose that the excitation stage lasted less 
than minute. One concludes further that the 
excess water lost could not have been produced 
metabolically. 

Many workers believe that most the loss 
water from insect takes place through the 
spiracles (Hazelhoff, 1927; Buxton, 1932; Mellan- 
by, 1934, 1935; Ramsay, 1935). the spiracles 
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are kept open artificially COs, the rate 
evaporation may more than doubled (Mel- 
lanby, 1934), increased 50%, shown 
Davis and Edney (1952) for spiders. has been 
reported Wigglesworth (1941) that pyrethrum 
poisoning caused the spiracles remain closed 
Rhodnius. This response should reduce water 
loss. However, the present work could 
seen that the thoracic spiracles poisoned 
roaches opened and closed. With poisoned 
flies, the thoracic spiracles were found open 
some individuals, and partially open closed 
others. The spiracles untreated flies are 
ordinarily found closed except for very 
periods. Thus, does not appear that closure 
the spiracles pyrethrum poisoning can 
mechanism protecting against water loss flies 
and roaches; and seems probable that portion 
the excess loss via the spiracles these 
species. 

addition the loss that takes place through 
the spiracles, most workers agree that some 
water lost through the integument, but this 
waxy layer near the surface that greatly 
limits permeability water below 
temperature, characteristic for each species (Bea- 
ment, 1945; Wigglesworth, 1945; Richards, 1953). 
change the physical structure this waxy 
layer, caused increased temperature from 
abrasion the cuticle, results marked increase 
the rate evaporation from the animal 
(Ramsay, 1935; Beament, 1945; Wigglesworth, 
1945; and others). the present investigation 
was observed that large amounts liquid 
appeared the cuticle the treated roaches, 
that least portion the measured loss must 
have taken place through the general surface. 
Since the fluid was observed areas distant 
from the site application, its appearance there 
can hardly ascribed any disruption the 
cuticular surface from without. 

Lees (1947) presents evidence that the rate 
water loss from the integument ticks may 
controlled, part, the secretory activity 
the epidermal cells; and Davis and Edney (1952), 
order account for somewhat greater rates 
evaporation from dead than 
spiders make the suggestion that 
secretory activity may assist these animals 
reduce evaporative loss. However, Ramsay (1935) 
found that the cockroach 20° the rate 
evaporation was greater from live than from 
dead specimens. Although direct evidence 
this question was obtained the present study, 
the observation that water loss occurred through 
untreated regions the integument could 
accounted for under the hypothesis that the rate 
water loss normally influenced the 
secretory activity certain epidermal cells and 
that the nervous mechanism controlling this 
activity had been blocked poisoning with 
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pyrethrum. Efforts affect the sequence 
intensity these presumed events pretreat- 
ment with atropine procaine were without 
detectable influence. This hardly surprising 
view the evidence from other work that 
these agents have little effect nervous phe- 
nomena insects (Roeder, 1953). 

had been hoped that these experiments might 
throw some light the cause death insects 
poisoned with pyrethrum, but positive indica- 
tions were obtained. The results eliminate 
certain possibilities, and this extent they 
help clarify the situation. Death cannot have 
resulted here from depletion energy stores, 
has sometimes been proposed (e.g., Lord, 
1949) the case DDT poisoning, because the 
period hyperactivity was held minimum 
the conditions the experiments, and because 
there was increase the rate respiration. 
Nor likely that water loss per responsible, 
inasmuch roaches desiccated without exposure 
pyrethrum withstood greater reduction 
water than was measured specimens that died 
from pyrethrum poisoning; although the rate 
water loss might have been factor. 


SUMMARY 


The rate water loss was determined 
adult house flies (Musca domestica L.) and 
nymphal roaches americana L.) which 
had been poisoned with pyrethrum. The rate 
production the flies was also measured. 
The rate respiration treated and untreated 
specimens was not significantly different. 

Pyrethrum-treated flies lost approximately 
twice much weight hours did non- 
treated animals. However, since the treated flies 
were visibly wet the time weighing, this 
comparison obviously does not give 
quantitative picture. 

Treated roaches lost approximately times 
much weight hours did the controls. 
Roaches given intra-abdominal injections 
pyrethrum lost significantly less weight than 
those that received equal 
There was real difference the amount 
weight lost roaches treated topically and 
those treated contact. Pretreatment with 
injections atropine sulfate procaine hydro- 
chloride did not protect roaches against water 
loss following injection topical application 
pyrethrum. Visible droplets water appeared 
the surface poisoned roaches. The droplets 
were not confined the area application. 
Roaches desiccated over withstood more loss 
water than was measured specimens that 
died from pyrethrum poisoning. 

concluded that neither depletion energy 
reserves result hyperactivity, nor loss 
water, can the direct cause death 
pyrethrum poisoning. The portion the excess 
water loss that takes place through the integument 
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can accounted for terms the neurotoxic 
action pyrethrum hypothetical reguiatory 
mechanism that involves nervously controlled 
secretory activity the part the epidermal 
cells. Such regulatory mechanism 
previously suggested other workers, ticks 
and spiders. 

indebted Dr. Leigh Chadwick for 
his valuable assistance throughout this study. 
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ASPIRATOR-CAGE COMBINATIONS FOR DELICATE AND 
INFECTED ARTHROPODS 


PAUL WOKE 


Department Health, Education, and Welfare, Public Health Service 
National Institutes Health, National Microbiological Bethesda, Maryland 


Instruments for handling living arthropods 
experimental work need improvements which will 
lessen the risk that laboratory personnel and 
animal hosts may acquire accidental bites and 
infections, and which will decrease the chances 
that delicate arthropods may become injured, 
reduce opportunities for escape, and increase 
efficiency operations. 

our experience, certain combinations 
small cages with aspirators help meet these 
needs. cages are accommodated within 
tube-type aspirator bodies and attach directly 
the inlet tubes from which they can de- 
tached easily and replaced other cages. After 
collecting the arthropods drawn the aspira- 
tor, the cages serve independently ways that 
reduce the need for further transfers, thus 
eliminating many hazards associated with re- 
peated handling. The confined arthropods can 
provided with the necessities for maintenance, 
fed animal hosts, transported, studied experi- 
mentally, and held for prolonged periods under 
controlled conditions. Manipulations such 
dividing caged populations into small experi- 
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mental lots can made quickly, safely, and 
conveniently. 

The following descriptions are based forms 
construction which can employed most 
laboratories, although machine production the 
components should improve 
ability. 

which make the aspirator parts the com- 
binations may made largely either trans- 
parent plastic glass. For the body (fig. 
find two sizes most useful for general pur- 
poses. The more convenient size for handling 
tube approximately inches (plastic) 
mm. (glass) inside diameter, and inches 
(150 mm.) long. The larger size approxi- 
mately inches (plastic) mm. (glass) 
inside diameter, and inches (200 mm.) long. 
barrier (Fig. 2a) cloth netting held 
permanently near that end which suction 
applied resilient split ring (retaining 
ring) metal plastic cut from plastic 
tube. Since these aspirator bodies may serve 
cages also, the barrier the position-described 
retains the arthropods, permitting withdrawal 
the stopper which bears the suction tube (fig. 
1). one suction tube and stopper suffices 
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for any number aspirator bodies that may 
required cages. Also this arrangement 
the cage can stood end over suitable solu- 
tions moistened surfaces giving the required 
degree humidity the atmosphere (fig. 8). 

suction applied mechanically, may 
regulated metal sleeve which slides over 
opening the glass tube connection (fig. 
between the suction line and the stopper. 
mouth, best obtained blowing through 
reversing pump (Peterson 1953, plate 166, 
fig. plate 168, figs. 7), thus removing the 
hazard that infectious otherwise harmful ma- 
terials may drawn into the operator’s mouth. 

Inlet tubes whatever form terminal bore 
should all have the same basal diameter (fig. 
tubes mm. outside diameter the base. 
Inlet tubes smaller bore throughout are in- 
serted through short tubes the standard basal 
diameter and are held place cork stoppers. 

small aspirator-cage assembly may con- 
individual dose dental local anesthetic (ap- 
proximately mm. inside diameter and 
mm. long), serving the body, with appro- 
priately small-bore inlet and suction tubes and 
small silk cage placed within the tube body. 
This assembly useful handling mites, larval 
ticks, and arthropod eggs. 

Cages.—The cages (figs. a-g, and 6), ac- 
cording need and application, are made 
cotton netting, cotton cloth 
silk bolting cloths suitable meshes, 
combined with plastic, glass, metal. Any 
shape, size, type construction may used 
provided the cage fits loosely within the body 
the aspirator, has suitable for attach- 
ment the inlet tube, and has provision for 
withdrawal air. 

Plastic parts are joined together means 
solvent such acetone methylene dichloride. 
Plastic and cloth are attached glass means 
liquid cement (Ambroid Liquid Cement. 
Ambroid Company, Inc., Boston, Massachu- 
setts). Overlapping cloth edges are sewed are 
joined with flexible collodion. The collodion- 
sealed edges hold securely, yet separate readily 
without tearing when force applied, and may 
resealed. This useful feature when the 
cage opened fully for rapid release 
arthropods contained for cleaning. 

cylindrical type cage (figs. and 
consists loose fitting cylindrical bag suit- 
able cloth netting (fig. 3a) over rigid frame 
made plastic collar and wire. The collar 
(fig. 3b) formed wide ring cut from 
plastic tube. narrow ring cut from the same 
tube (split and pieced) permanently secured 
around the outer side the upper end the 
collar serve shoulder (fig. 3c) which 
the cage may suspended rack (fig. 8). 
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second similar ring secured about the first gives 
needed added thickness the shoulder. Another 
narrow ring permanently secured around the 
inner side the lower end the collar serve 
shoulder (fig. 3d) support barrier disk 
(fig. 3e). 

Ends two lengths resilient wire (or 25- 
gauge stainless steel tubing) are embedded op- 
posite sides the collar. The other ends are 
attached opposite sides ring the same 
material which forms the lower end the frame. 
The bag drawn over the frame and secured 
the lower half the collar means adhesive 
tape. barrier disk plastic metal (fig. 3e) 
having central opening admit the connec- 
tion the inlet tube (fig. 3g, and see below) may 
placed the inner shoulder and retained 
place resilient split ring plastic 
stainless steel (fig. 3f). Insertion and removal 
the ring made easier inward directed 
projections from the ends the ring, which can 
grasped the tines forceps. Upon with- 
drawal the connection stopper may in- 
serted, imperforate disk may used. 
glass tube inserted through stopper (fig. 3g) 
which fits the opening the cage serves 
connection between the cage and the inlet tube. 
about inches long and the same outside 
diameter the inlet tube. The portion which: 
projects above the stopper serves neck 
which the cage attached. 

One these cages constructed with 
inches long and inches inside diameter and 
having overall length inches fits within 
the 8-inch aspirator body. 

These cages have served satisfactorily con- 
fine mosquitoes and should serve well for 
number other bloodsucking insects. They 
may attached animal hosts for feeding 
purposes means the arrangement shown 
fig. 3a. Two half-inch squares binding tape 
arranged about inches apart are sewed through 
the netting corresponding similar squares 
the opposite side the netting. opening 
left through which draw narrow shoe-lace 
tied about the host the host’s restrain- 
ing support, thus securing portion the netting 
tightly the tails rats mice may 
inserted into the cage through slit rubber 
dam. Baby mice may immobilized 
undersized opening through the rubber dam. 
suitable arrangement for the rubber dam dis- 
cussed below. 

inverted vial with cloth barrier for the 
provision fluid (Woke 1955) may supported 
regular stopper for the cage. raisin, 
lump sugar, similar solid food may af- 
fixed one end wire, the other end which 
inserted into stopper, and thrust through the 
connection tube (fig. 3g). 

Removal selected individuals from the cages, 
for example those that remain unfed, without 
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risking escape those remaining, effected 
means aspirator thrust through rubber 
dam. The sheet rubber supported between 
plastic rings which are joined together. Figure 
shows type which used aspirator 
inlet tube for transferring directly from one cage 
another similar cage. Figure shows type 
which used hold the insect while under 
examination and such manipulations anes- 
thetizing and removal from the pan balance. 

simple tubular type cage (fig. consists 
cloth net bag attached its upper end with 
adhesive tape the lower glass plastic 
tube about one inch long. The upper half 


cages having overall not more than 
inches fits within the 6-inch aspirator body. 
cage approximately inches long 
serves tick oviposition cage. This size 
convenient when the contained arthropods are 
released within rabbit-ear cage (Woke, 
1951). 

Various other types small cages are adapt- 
able for use the aspirator tubes. One such 
(fig. used primarily for feeding bloodsucking 
tubes having approximately the diameter the 
aspirator inlet tube and provided with cloth 
barrier near the distal end used within 


Rubber dam 


Celluloid 
Sleeve 


Fics. 1-8. Representative components making aspirator-cage assemblages for arthropods. 


(Illustration Walter Ashe). 


the tube serves the neck. The bag formed 
laying the cloth around length glass 
tubing and sealing the overlapping edges. The 
lower edge sealed the rim cork disk 
which serves the bottom the tube, 
the opposing portions the flattened cloth 
wall may sealed sewed together. plastic 
glass ring previously attached around the 
tube immediately above the middle line serves 
shoulder which the cage may suspended 
rack (fig. 8). 

These cages have served confine ticks, 
mites, lice, bedbugs, and fleas. One these 


Explanation given the text. 


larger aspirator body may themselves serve 
aspirator bodies. 2-inch length serves 
tick oviposition tube and for the confining and 
later release arthropods for the purpose 
infesting hosts. tube inches length 
serves for confining arthropods the tail 
rat; 4-inch length serves likewise for mouse. 
After the arthropods have been drawn in, the 
tube pulled over the tail the rodent and the 
open end sealed around the base the tail 
with clay (Skaliy and Hayes, 1949). Should 
fogging interfere, cloth covered opening for 
aeration may made near the base the tube. 


ape 
he 
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The body the aspirator itself serves well 
cage after detachment the suction tube and 
the inlet tube and insertion suitable barrier 
prevent escape. removable barrier the 
form disk, similar the one shown fig. 
for use cloth cage, may arranged near 
that end which bears the inlet tube. The disk 
should rigid material like plastic metal 
and finely perforated facilitate air circulation. 
disk having central opening admit the 
base the inlet tube aids preventing small 
arthropods from crawling into the space between 
the stopper that carries the inlet tube and the 
wall the aspirator body, reduce 
the opportunities for escape. Upon withdrawal 
the inlet tube stopper may inserted 
the opening, the disk may replaced 
disk which lacks the opening. 
disks may held place between two resilient 
split rings plastic stainless steel similar 
the rings shown figs. and 3f. 

Attachment cage the cage 
may attached the aspirator inlet tube 
insertion the neck into the lower half 
celluloid sleeve (fig. 7). The upper half the 
sleeve cemented about the base the inlet 
tube. The necessary tension for firm grip 
the neck the cage provided giving the 
sleeve permanent elliptical shape which may 
produced warming the sleeve water, then 
pressing give the desired cross-section 
while the celluloid cools. 

glass culture tube vial may attached 
and collections made directly into into 
preserving fluid. Since such tube lacks pro- 
vision itself for the withdrawal air, number 
perforations strip metal cloth may 
exposed the sleeve above the point which 
the mouth the tube needs come. The 
arthropods drop into the tube the air drawn 
out above. 

Cage supports—The cages are supported 
racks perforated monel metal (fig. which 
are designed fit into vessels which the 
degree humidity can closely controlled; 
rectangular racks tanks, round racks jars. 

The above described aspirators, cages, and 
supports may made entirely heat-resistant 
materials for heat sterilization. Glass, metal, 
nylon plastic may serve place nonresistant 
plastic. Thin resilient metal bands may 
used clamps place adhesive tape. They 
also provide more substantial means for at- 
tachment the cage neck the aspirator tube. 
Resilient metal rings may serve retaining rings. 

Avoidance injuries the arthropods.—The 


chances that arthropods will injured when 
aspirated into cages are reduced the use 
cloth coverings for the cages and large aspira- 
tor bodies. The great expansion the inspired 
air bearing the arthropod, with consequent 
lessening velocity which the volume the 
aspirator allows, reduces the force impact. 
The chances are further reduced making 
aspirator inlet tubes large diameter and 
straight possible. Curves the tube when 
required are very gradual. Fewer transfers and 
less handling unconfined arthropods further 
aid reducing the chances injuries the 
arthropods (as well the chances that the 
arthropod may inflict injuries). layer cellu- 
cotton over the barrier the suction end 
aspirator bodies used cages helps absorb 
much the shock impact when arthropods 
are sucked into them. 

Mechanical devices supplement but not 
supplant the necessary skill the operator. The 
controlled applications the minimum effective 
rate aspiration always important but 
especially the cases arthropods which 
have recently engorged which are gravid, 
well with those which are especially delicate 
structure. 


SUMMARY 


Combinations small arthropod cages with 
suitable tube-type aspirators are described. The 
needed materials are readily available and the 
forms construction can employed most 
laboratories. The use the 
combination provides convenient, versatile and 
safer means for handling delicate living arthro- 
pods experimental work, with lessened chances 
injury and escape, and with increased efficiency. 
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ELECTROPHYSIOLOGICAL AND BEHAVIORAL STUDIES DDT-SENSITIVE 
AND DDT-RESISTANT HOUSE FLIES 


ELIZABETH WEIANT! 
Department Biology, Tufts University, Medford, Massachusetts 


One the problems confronting insect physi- 
ologists that discovering the reason why 
certain strains house flies have the capacity 
resist the toxic action DDT. Wiesman 
(1947) claimed that the resistance due 
structural differences such cuticle thickness, 
whereas King and Gahan (1947), Bruce (1949), 
and Bruce and Decker (1950) believed that re- 
sistance due different behavior patterns. 
the other hand, Perry and Hoskins (1950), 
Sternburg and Kearns (1950), March and Met- 
(1950), Lindquist, Roth, Yates, Hoffman and 
Butts (1951) have presented evidence which 
indicates that survival the presence DDT 
due the capacity convert DDT its non- 
toxic, derivative, DDE. survey such 
physiological studies DDT resistance was 
made Chadwick (1952) and Metcalf (1955). 

Since there reason suppose that the 
mechanism resistance the same each 
separately selected strain, any all these 
theories may correct. However, seems 
reasonable search for resistance mechanism 
site where DDT exerts its initial action. 
has been shown (Roeder and Weiant, 1946) that 
the disorientation and tremors symptomatic 
the early stages DDT-poisoning the cock- 
roach are associated with abnormal nerve im- 
pulse discharges from certain cuticular receptors. 
After exposure DDT, stimulation these 
receptors elicits succession high frequency 
impulse trains, multiple discharges, con- 
trast the sequence single spikes found 
under normal circumstances. The experiments 
herein described were carried out effort 
determine (a) whether the same change occurs 
the sensory input DDT-poisoned house flies, 
and (b) whether the cuticle the receptors 
themselves have altered properties DDT- 
resistant house flies. 


RESULTS 


The material for the experiments consisted 
DDT-sensitive and DDT-resistant strain 
Musca domestica. Both strains were obtained 
originally from the Army Chemical Center, 
and have been under cultivation this laboratory 
for about three years. The DDT-resistant 
strain has been bred under conditions con- 
tinual selection, the breeding cages being coated 


work described this paper was done under 
contract between the Medical Laboratories, Chemical 
Corps, Army, and Tufts University. Under terms 
this contract the Chemical Corps neither restricts nor 
responsible for the opinions conclusions the author. 
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with DDT. was from these cages that the 
flies used the following experiments were 
taken. The techniques for detecting and re- 
cording nerve impulses were similar those 
used earlier work the roach, Periplaneta 
americana (Roeder and Weiant 1946, 1951). 
DDT was applied topically and perfused the 
form suspension saline. This was prepared 
adding saline measured amounts 
solution DDT triethylene glycol. Thus, 
10,000 ppm. suspension, from which further dilu- 
tions were made, contained 
glycol. The suspension appeared quite 
stable over period eight hours. 

Topical application DDT and sensory ac- 
pattern afferent impulses recorded 
from the third ventral thoracic nerve the un- 
treated house fly consists steady, but asyn- 
chronous discharge spikes. Most the 
activity below 100 microvolts, and the number 
different spike heights usually too great 
permit any estimate the number active 
fibers. Such activity presumably originates 
sense cells the leg, for the thoracic ganglion 
was destroyed before the activity was studied. 

The first topical applications DDT were 
made placing drops the suspension the 
pulsating articular corium forming the ventral 
side the tibio-femoral joint. Nerve activity 
was recorded from the third ventral thoracic 
nerve. Trains impulses similar those 
described for the roach were recorded from the 
ventral thoracic nerve following application 
drop the 100 ppm. DDT suspension the 
membrane. similar experiment with DDT- 
resistant house flies failed produce trains 
impulses the nerve. 

Concentration topically applied DDT and 
time onset relation between 
the concentration DDT the suspension and 
the time onset impulse trains was de- 
termined the following manner. Amputated 
legs house flies were mounted 
tungsten electrodes moist chamber. One 
electrode was inserted into the cut end the 
femur and the other into the membrane the 
tibio-tarsal joint. The suspension DDT was 
placed droplets the tibio-femoral joint. 

Ten flies were tested each 
four concentrations DDT. The 
results are shown Table 

similar series tests with DDT-resistant 
flies failed produce any consistent divergence 
from the normal pattern spontaneous activity, 
although three preparations showed transient 
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trains with subsequent return normal ac- 
tivity. transient response will referred 
again. 

From this, apparent that the sensory 
endings the DDT-sensitive house fly show 
time-concentration response topically applied 
DDT which very similar that shown 
sensory endings ,of the roach when treated 
direct perfusion (Roeder and Weiant, 1951). 
However, topical application concentrations 
10,000 ppm. the roach leg failed pro- 
duce trains even when the preparation was 
followed for several hours. This difference could 
due more rapid penetration DDT 
through the cuticle the fly, greater 
sensitivity its excitable tissues. attempt 
answer this question and determine whether 
these factors played part resistance led 
efforts apply DDT directly the interior 
the tarsus sensitive and resistant flies. Free 


TABLE 
TIME ONSET TRAINS DDT-SENSITIVE FLIES 
Function DDT CONCENTRATION 


CONCENTRATION Av. TIME FOR| TIME 
DDT (ppm.) APPEARANCE (mins.) TESTS WERE 
| 


(mins. 
10,000 4.7 3—6 20—45 
100 11.0 30—60 
15.7 12—24 45—60 


30—60 


perfusion the fly leg was beset with technical 
difficulties because the small size the prepa- 
ration, and discussed the following section. 
Perfusion DDT through the fly 
many attempts was found possible 
fuse DDT suspensions through 
consisting the isolated tibia and femur the 
house fly. For this purpose special glass per- 
fusion tube was constructed which contained 
tungsten electrode. This perfusion tube was 
inserted into the cut end the femur and served 
both injection device and one electrode. 
second tungsten electrode was inserted into 
the cut end the tibia. large proportion 
the preparations fluid could forced com- 
pletely through the segment leg while electrical 
activity was being recorded from its two ends. 
The perfusion ppm. DDT this manner 
through legs obtained from sensitive flies 
yielded typical impulse trains all cases the 
average time 11.2 minutes (range: 3-27 min.). 
Although the nature the experiment limited 
the number individual tests, and the range 
times wide, the time onset trains ap- 
proximates that produced concentrations 
ppm. when applied topically. 
DDT might expected more effective 
perfusion since does not have traverse the 
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cuticle. However, when these results are com- 
pared with those obtained perfusion the 
roach leg, which impulse trains appeared 
within minute the injected suspension con- 
tained 10-100 ppm. DDT (Roeder and Weiant, 
1951), apparent that the roach receptors are 
considerably more sensitive DDT applied 
perfusion. This suggests, answer the point 
raised the preceding section, that the main 
difference DDT sensitivity the roach and 
the DDT-sensitive house fly due some 
factor the cuticle which hinders the penetra- 
tion DDT the roach. 

similar series experiments with DDT- 
resistant flies gave the following results. Four 
DDT showed impulse trains briefly. similar 
response was seen legs perfused with 
100 ppm. DDT. 

minutes. those few preparations which ap- 
peared affected DDT, the impulse 
trains were very transitory, disappearing after 
few minutes and failing reappear when more 
DDT was perfused through the leg. Transitory 
trains were never observed DDT-sensitive 
flies, where repetitive discharges persisted, 
the roach, for hours after single exposure 
DDT. This suggests that local means 
detoxifying removing DDT may present 
the nerves resistant flies. 

Mechanical and chemical thresholds and DDT 
systems increasing their instability 
point where they become self-exciting when 
once stimulated, degree resistance DDT 
would provided such normally sensitive 
systems should become, resistant strains, less 
excitable should show greater ability adapt 
constant stimulation. 

attempt uncover any such sensory 
differences between the two strains house flies, 
the isolated tibio-femoral preparation was set 
and small lever with controlled but variable 
extent and speed excursion was brought 
contact with the tarsus. Sensitive and resistant 
flies showed detectable difference the 
form duration the afferent discharge evoked 
such controlled bending the tarsus. 

Therefore, comparison the sensitivity 
the strains chemical stimulus was next 
attempted. has been demonstrated that 
toluol potent stimulus certain receptors 
the fly leg (Roys, With this mind, 
swab cotton soaked toluol was held close 
the tibio-femoral joint legs amputated 
from the two strains. DDT-sensitive flies 
there was marked increase afferent activity 
the leg nerves within 5-25 seconds. This 
disappeared within seconds after the toluol- 
saturated cotton swab was removed. the 
swab was moved closer the leg mm.), 
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sequence large potentials longer duration 
appeared coincidental with visible twitching 
the tarsus. This indicates that low concentra- 
tions toluol vapor affect the sensory endings, 
and that higher concentrations affect also the 
motor nerves and muscles. Both the large 
spike and the twitch disappeared immediately 
upon withdrawal the swab. These effects 
could obtained repeatedly the same prep- 
aration. 

When similar test was made with the legs 
from DDT-resistant flies, the afferent response 
and the sequence longer potentials with tarsal 
twitching could not elicited until the swab was 
held within mm. the tibio-femoral joint. 

These crude experiments suggested difference 
between the two strains with respect the sen- 
sitivity nerves the leg toluol vapor. 
Therefore, attempt was made measure this 
apparent difference passing toluol-air mix- 
tures known composition through chamber 
containing tibio-femoral preparations the two 
strains. The concentration toluol was gradu- 
ally increased until response occurred. 

strain all showed definite sensory response 
toluol vapor. The threshold concentration 
toluol the toluol-air mixture varied widely, 
but only cases was higher than 30% 
toluol. The highest threshold concentration re- 
corded was 37.5%; the mean was 20.5% (s.e., 
1.0%). 

legs tested from the DDT-resistant strain, 
failed show sensory response even the 
highest concentration (75% toluol) delivered 
the olfactometer. this group the threshold 
concentration varied more widely than the 
previous group. the legs which showed 
response, responded only concentrations 
higher than 30% toluol. The mean threshold 
value for DDT-resistant flies was 41.4% (s.e., 
4.3%). 

statistical analysis test; Garrett, 1953) 
the reliability the difference between the 
mean responsiveness toluol vapor the DDT- 
sensitive and DDT-resistant flies yielded the 
following results. 

The difference between the mean thresholds 
20.9% and its 4.4%. The critical ratio 
(D./s.e. diff.) therefore indicates that 
large difference between the means would 
expected chance less often than once 
hundred times; i.e., the difference reliable 
well beyond the 0.01 level probability. 

Behavioral response and toluol.—These observa- 
tions led attempt determine whether 
there was difference the behavioral response 
and DDT-resistant flies 
toluol vapor. This was done for two reasons. 
First, determine whether the oscillographically 
detectable difference nerve response the 
two strains was biologically significant, was 
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correlated with difference behavior; second, 
obtain, possible, confirmation inde- 
pendent method the apparent difference 
nerve response the two strains. 

For this purpose olfactometer was made 
available through the kindness Dr. 
Dethier the Johns Hopkins University, 
whose laboratory the experiments were carried 
out with the help Miss Anne Baumgartner. 
The principle the experiment was expose 
flies groups 100 air streams. One 
stream contained certain amount toluol 
vapor. The number flies collecting the 
two ports emitting the air streams was recorded 
photographically. Only those flies which col- 
lected directly front each port were counted. 
For detailed description the apparatus and 
procedure see Dethier and Yost, 1952. 

20% 1.46 mol. toluol was chosen the 
vapor saturation for this test because the mean 
percent saturation the previous experiment 
which caused electrophysiological response 
sensitive flies was 20.5%. 

DDT-sensitive flies were tested groups 
100 flies each. total 236 photographs were 
taken the distribution insects the ports. 

DDT-resistant flies were tested groups 
100 flies each and total 220 photographs were 
taken their distribution the ports. 

Throughout the experiments with DDT-sensi- 
tive flies, there was inexplicable tendency for 
flies accumulate the left port. This bias 
was apparent both the air-blank control runs 
and the toluol-air runs, and way was found 
eliminate it. However, such bias auto- 
matically compensated for the method test 
(Dethier and Yost, 1952), and the runs yielded 
average 11.1 flies (s.e., +0.4 flies) the 
air port against 3.6 flies (s.e., flies) the air- 
toluol port. 

With DDT-resistant flies the bias toward the 
left port was again apparent, although the 
tendency for the resistant flies accumulate 
either port was much less than the sensitive 
flies, even when pure air passed through both 
ports. These tests yielded average 6.2 
flies (s.e., +0.3 flies) the air port against 2.9 
flies (s.e., flies) the air-toluol port. 

The difference between the means the air- 
toluol port 0.7 flies, and its s.e., +0.2 flies. 
The critical ratio (D/s.e. therefore 3.4, 
which indicates that the difference reliable 
well beyond the 0.01 level 

Because there were fewer resistant flies (2.9) 
than sensitive flies (3.6) appearing the toluol 
port, one might argue that this does not prove 
that resistant flies are less sensitive toluol 
vapor. However, the resistant flies responded 
less both the air and the air-toluol ports, 
and this taken into consideration for the 
two groups independently, the results appear 
the following light. When given the choice 
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air air-toluol mixture the 
total number sensitive flies responding were 
counted the air-toluol port. 
resistant flies were counted under the same cir- 
cumstances 35.6% +4.5% the total number 
flies responding were counted the air-toluol 
port. From this analysis appears that out 
the flies responding 10.1% more resistant flies 
appeared the toluol port compared with 
the sensitive flies. the t-test, the probability 
that such difference due chance very 
slightly greater than 20. However, al- 
though this does not appear the final statistical 
each showed more resistant flies the air-toluol 
port than the air port. This did not ever 
occur with sensitive flies. Therefore, seems 
justifiable conclude that the same trend was 
appearing the olfactometer experiments had 
been seen the electrophysiological observations. 


DISCUSSION 


The foregoing results demonstrate 
physiological and behavioral similarities and dis- 
similarities between (a) the cockroach and 
fly, and (b) between DDT-sensitive and 
house flies. 

The effects DDT house flies can entirely 
local, and the cockroach, this local action 
primarily involves sense organs. suggested 
Smyth and Roys (1955) cuticular permeability 
does not seem responsible for the resistance 
this particular strain house fly. However, 
experiments reported the present paper point 
the cuticular structure being the basis for 
the difference between the time onset 
symptoms DDT poisoning the cockroach and 
the house fly. 

When DDT applied topically the leg 
the house fly, when perfused through 
the leg, the sensory nerves the DDT-resistant 
house flies are sensitive the direct action 
DDT than are the sensory nerves the DDT- 
sensitive house flies. Also, the DDT-resistant 
flies are able recover from and adapt the 
DDT poisoning. 

difference was found the sensitivity 
bending the mechano-receptors the two 
strains house flies. However, 
vapor was used stimulant, the sensitivity 
shown the electrical response receptors 
the leg was less the DDT-resistant flies. 
Correlated with this electrophysiological differ- 
ence are the results which show that the resistant 
flies are less sensitive toluol vapor when their 
behavioral response studied the olfactometer, 
and furthermore, that the resistant flies show 
generally reduced responsiveness under all condi- 
tions. 
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SUMMARY 

Comparative studies electrophysiological 
responses sensory nerves DDT-sensitive and 
DDT-resistant house flies demonstrated that sen- 
sory nerves the resistant flies are less sensitive 
the direct action DDT than are the sensory 
nerves the sensitive flies. Furthermore the 
DDT-resistant flies are able recover from and 
adapt the DDT poisoning. 

Electrophysiological and behavioral 
with toluol vapor used the evocative agent 
show that the DDT-resistant flies are also less 
sensitive this chemical. 

These results suggest that there 
physiological difference between 
nerves DDT-sensitive and 
house flies. 
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SOME ECOLOGICAL STUDIES THE TWICE-STABBED LADY BEETLE 
CHILOCORUS STIGMA (SAY) 


MARTIN Associate Entomologist, Florida Citrus Experiment Station, Lake Alfred 


The most common large lady beetle associated 
with citrus Florida Chilocorus stigma (Say), 
the twice-stabbed lady beetle (Watson, 1918). 
Although the species omnivorous feeder, 
large populations are more frequently found 
groves infested with Florida red scale, Chrysom- 
phalus aonidum (L.). Such occurrence indicates 
that the beetle may important factor 
minimizing damage this scale, which 
major importance citrus the state. 

obtain more detailed information the 
twice-stabbed lady beetle and establish its 
importance scale predator, several studies 
were initiated. They included identification 
all stages development, investigation the 
general biology under grove conditions and con- 
trolled experiments the life cycle, 
food preference, food consumption and fecundity 
the species. 


METHODS AND MATERIALS 


Nine groves distributed 
central and western citrus growing areas the 
state were utilized for the observations and 
experiments reported here. Special collections 
were also made one grove the East Coast. 
Estimations populations were based the 
number adult beetles observed tree during 
five minute interval. Counts were replicated 
four times four different trees. Estima- 
tions scale populations were based the 
number leaves randomly picked leaf 
sample with least one living female scale. 

Descriptions were made 
reared specimens. Biological observations and 
tests were made both laboratory reared and 
newly moulted emerged grove specimens. 

the laboratory experiments, eggs were 
handled cotton-stoppered homeopathic vials, 
early instar larvae test tubes and late instar 
larvae and adults petri dishes. Life cycle and 
special food studies were conducted constant 
temperature chambers thermostatically controlled 
four-degree range. mean summer tempera- 
ture 80° was maintained for all except the 
life cycle studies. the latter twenty-year 
mean 80° was computed and used for the 
summer and 62°F. for the winter with 70° 
arbitrarily chosen for spring and fall temperatures. 

special chamber was utilized for food prefer- 
ence studies the laboratory. The chamber 
measured 2.0” 4.5” 10.5” with clear plastic 
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top, wooden ventilated walls, inner floor 
aluminum having twelve 34” bevel-edged-holes 
arranged two rows and solid outer floor 
aluminum. Test materials were placed over the 
holes the inner floor and held place the 
outer floor. 


IDENTIFICATION 


review the literature indicated possible 
confusion two more species under the 
name Chilocorus stigma (Say) bivulnerus Muls.) 
the following descriptions are given identify the 
species utilized this study. 

The eggs the twice-stabbed lady beetle are 
elongate oval and measure about 1.1 mm. long 
and 0.5 mm. wide (Fig. shape and size 
approximates that previously reported, (Girault, 
1907). When first laid the eggs are light lemon 
yellow but soon darken orange and just prior 
hatching turn dark brown silvery grey. 
The orange coloration was noted earlier 
Girault (1907) and the brown Fiske (1903). 

Descriptions larvae, pupae and adults 
have been published Watson (1918) and 
although rather general they agree with those 
given below. The figure the adult included 
Watson, however, not the twice-stabbed lady 
beetle but the southern two-spotted lady beetle, 
Olla abdominalis var. plagiata Say. 

Newly hatched moulted larvae are light 
tan but soon darken brown, grey almost 
black. The entire dorsum 
prominent senti, the prothorax, the 
mesothorax and the metathorax and 
each abdominal segment except the last which 
has only four. First instar larvae are uniformly 
colored but later instars have the dorsal midline 
the thoracic and abdominal regions and much 
the dorsum the first abdominal segment 
light cream white (Fig. 3). Fully fed speci- 
mens have rosy tint. First instar larvae 
measure about 1.0 mm. length whereas 
fourth instar larvae are about 6.0 mm. long. 

Pupation takes place within the last larval exu- 
viae with new pupae light lemon yellow and 
old pupae dark brown, grey black. Pupae are 
marked much like late instar larvae except that 
the abdominal marking yellow orange and 
has tendency interrupted, forming two 
distinct spots. The pupae are about 5.0 mm. 
long. 

Newly emerged adults are light cream color 
with pair small pink light orange spots oc- 
curring near the middle the elytra. Shortly 
after emergence the beetles turn dark brown 
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black and the elytral spots become red (Fig. 2). 
The venter remains light yellow, except for the 
thoracic sternites which are dark brown black. 
Males and females are similarly marked and 
except for size are difficult distinguish; the 
former measure 3.5 4.0 mm. whereas the 
latter average from 4.0 5.0 mm. 


GENERAL BIOLOGY 


The twice-stabbed lady beetle undergoes seven 
stages development: egg, four larval instars, 
pupa and adult. Several generations are pro- 
duced each year. Beetle populations are lowest 
the late summer, fall and early winter, increase 
gradually during the late winter and early spring 
and reach peak the late spring and early sum- 
mer (Fig. Exceptions this life history 
cur certain sprayed groves and possibly were 
responsible for the late winter populations re- 
norted Mathis (1947). Causes for these 
exceptions have not been investigated. 

Adults and larvae both are voracious and om- 
nivorous feeders. The species has been recorded 
feeding various scales, (Sasscer, 1912; Caesar, 
1914; Turner, 1914; Watson, 1914; Nakayama, 
1915; Simanton, 1916; Fenton, 1917; Roullard, 
1917; Herbert, 1920; Essig, 1920 and Mathis 
1947) several species aphids (Davis, 1915; 
Lauderdale, 1921; Smulyan, 1921 and Beyer, 
1924) and mealybugs (Essig, 1914). the 
present study citrus, the species has been 
observed eating Florida red scale, purple scale, 
Lephidosaphes beckii (Glover), chaff scale, Parla- 
toria pergandii Comst., long scale, Lepidosaphes 
(Pack.), soft brown scale, Coccus 
dum L., citrus mealybug, 
(Risso) and green citrus aphid, spiraecola 
Patch. Adult beetles and all stages larvae 
feed the larger scales. Although the species 
has been reported feed eggs and crawlers 
(Watson, 1918 and Griffiths and Thompson, 
1949) does not eat these two forms signifi- 
cant quantities. 

Eggs are laid singly groups two, three 
four their sides reported Girault 
(1907). Smith (1897) who reported deposition 
end little groups apparently confused the 
twice-stabbed lady beetle with another species, 
possibly the southern two-spotted lady beetle. 
Deposition eggs has been reported crevices 
the bark (Girault, 1907) and under scale 
armors (Marlott, 1902) leaves and trunks 
trees infested with scale (Glover, 1859 and 
Fiske, 1903). the present study eggs have 
also been found under sooty mold and other litter 
scaly leaves, fruit and twigs. Larvae feed 
all parts the tree but when mature move 
dead twigs and the under sides large limbs 
where they pupate. Mature larvae seem 
gregarious, large clusters pupae are 
found these sites the late spring and summer 
(Fig. 4). After feeding for short period 


time, newly emerged adults mate and the females 
soon begin laying eggs. 

Adult activity more variable than that 
larvae. Beetles are more numerous the tree 
trunks and limbs the late summer, fall and 
early winter but prefer feeding the leaves and 
fruit late winter, spring and early summer. 
During rain storms adults seem disappear from 
the trees. 

Entomogenous fungi, such Beauveria bassiana 
(Bals.) Vuill and Fusarium sambucinum Fuckel, 
cause large mortalities larvae and adults re- 
spectively July and August, during the rainy 
season (Figs. and 6). All attempts rear 
insect parasites from the eggs, larvae, pupae and 
adult beetles have failed. 


LIFE CYCLE 


Life cycle studies were conducted principally 
the laboratory under controlled conditions. 

Adults were collected from groves and main- 
tained and 62°F. Eggs were 
laid rapidly 80° and 70° but not 62°F. 
Consequently start life cycles eggs 
laid were used; life cycles 80° 
and were started with eggs laid these 
temperatures. 

the 582 eggs obtained 80°F. and 70° F., 
67.2% were laid singly, 25.8% twins, 5.7% 
triplets and 1.4% quadruplets. appreci- 
able variation from these percentages was noted 
for the two different temperatures. Altogether 
236 eggs were incubated 80° F., 111 
and 235 62°F. Cannibalism unhatched, 
multiply laid eggs was 2.1% 2.7% 
70° F., and 62°F. Only 14.4% the 
eggs failed hatch 80°F. and 70°F. and 
6.8% 62°F. The mean incubation period 
80° was 7.28 days with minimum and 
maximum 70°F. 12.60 days with 
18.07 days with minimum and maximum 
25. Eggs incubated 80°F. developed 
nearly three times the rate those incubated 
62° but suffered higher mortality. 

arbitrary number larvae hatched the 
three different temperatures were maintained 
those temperatures diet Florida red 
scale. Larval and pupal developmental periods 
obtained from these cultures are presented 
Table Larvae maintained 80° com- 
pleted development and emerged adults 
those 62°F. about weeks. From the 
data presented appears that first and fourth 


‘instar larvae are more susceptible mortality 


than other instars pupae. Low temperature 
seems more developing larvae 
than high temperature. Pupae were generally 
less variable developmental time and less sus- 
ceptible mortality than larvae. 
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Martin Muma 


Fic. Egg twice-stabbed lady beetle, Cluster pupae dead citrus twig. 


stigma (Say), under armor Florida red scale, Fic. Adult beetle exhibiting mycelial development 


Chrysomphalus aonidum (L.). 
Fic. Adult beetle. fungus. 
Fic. Third instar larva citrus leaf infested with 

Florida red scale. 
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Counts were made nine groves distributed 
the northern, central and western citrus grow- 
ing areas the state determine monthly and 
seasonal variations populations adult 
beetles. Figure shows the seasonal variation 
population beetles from August, 1952 
December, 1953. The trend line followed that 
expected from the laboratory life cycle studies 
with peak occurring the spring and summer, 
and depression the fall and winter. 


LONGEVITY 

Laboratory studies longevity were con- 
ducted first and fourth instar larvae and 
adults. Tests were run under starvation and 
fully fed conditions. Table presents the re- 
sultant data. Larvae lived nearly long when 
starved when completing stadium, indicating 
rather strong resistance starvation. Adults, 
the other hand had much shorter life span 
when starved. 


TABLE 


[Vol. 


rather than chewing holes. 
other lady beetles (Clausen, 1916). Larvae fed 
chewing holes the scale armors and ate 
average only 1.06 scales per hour with 
maximum 1.88. 


FOOD PREFERENCE 

Food preference studies were conducted under 
both laboratory and grove conditions. 

the laboratory adult beetles were given the 
choice resting feeding Florida red scale 
purple scale infested leaves clean leaves for 
several test periods. Results series 
these tests are given Table IV. average, 
about the beetles were observed feeding 
time. slight perference for Florida red 
scale was exhibited feeding beetles 

Similar figures were obtained from counts 
beetles citrus groves moderately infested with 
Florida red scale and purple scale. 283 beetles 


SUMMARY LARVAL AND PUPAL DEVELOPMENT Chilocorus stigma (Say) THREE DIFFERENT TEMPERATURES 


80 F. (71 larvae) | 


STAGE 


70 F. (76 larvae) } 62 F. (76 larvae) 
Days Days 
Max Min. Mean Max. Min. Mean 


Days 
| 
fort Max. Min. 
| 
Third Instar 2.1 7 | 2 | 5 | 7.6 
Pupa } 7.4 10 | 6 | 2.1 
| 
TABLE 


LONGEVITY CRITICAL STAGES Chilocorus stigma 
(SAY) THE LABORATORY 80° 


LONGEVITY IN Days 
STAGE 


| 
Foop | NUMBER 


First Instar Fed | 71 | q 3 g* 
| 
6.5 


Adults Starved 40 14 


*Figures for fed larvae represent time spent in respective stadia. 


FOOD CONSUMPTION 


Using leaves infested with both Florida red 
scale and purple scale, the number scales con- 
sumed adult beetles and fourth instar larvae 
was determined the laboratory. Table III 
presents data for adult beetles. There was 
pronounced tendency for the adults feed 
prying the scale armors loose with the labrum 


observed 31.4% were feeding Florida red scale 

and 22.0% purple scale, while were 

not feeding. When Florida red scale infestations 
TABLE III 

MEAN NUMBER AND PERCENTAGE SCALES EATEN PER 


Hour Chilocorus stigma ADULTS UNDER 
LABORATORY CONDITIONS EATING THROUGH THE 


No. PER- PER- 

REMOVED 
7/30/53 1.3 25.0 
7/31/53 1.8 83.0 16.9 
2/53 4.0 80.5 19.5 


*Three laboratory reared beetles were utilized 
each test. 
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1955} Muma: 
where light, however, the beetles fed entirely 
purple scale. 

The effect food preference population 
size was also investigated. Variable results were 
obtained. Mean percentage infestations Flor- 
ida red scale and mean number lady beetle 
adults and larvae per tree were compared 
groves June, July and August 1951 and 
1952. When the Florida red scale infestations 
raried from 7.0% 12.5% 30.5% 53.0% 
the lady beetle populations were 14, and 
respectively, indicating correlation between 
the amount preferred food and beetle popu- 
lations. 


TABLE 


PERCENTAGE Chilocorus stigma ADULTS FEEDING 
RED SCALE, PURPLE SCALE, NOT 
FEEDING UNDER LABORATORY CONDITIONS 


PER- PER- PER- 
20.0 14.4 65.6 
Avg. 196 19.0 59.5 
FECUNDITY 


The reproductive rate the species was 
determined the laboratory. Virgin males and 
females were confined Florida red scale and 
mating was observed mated pairs were isolated 
and the egg production recorded. Egg laying 
began days after emergence from the 
pupa. The average production five females 
was 168 eggs with maximum 299 and 
minimum 42. 

Several laboratory tests were conducted 
determine whether the fecundity this lady 
beetle varied with the type food consumed. 
Beetles obtained from pupae collected 
Polk County grove were fed Florida red scale, 
purple scale both alternately. Ten females 
fed Florida red scale laid 324 eggs days, 
while ten fed Florida red scale and purple scale 
alternate days laid days and ten fed 
purple scale laid days. The effect 


food fecundity was also indicated 12-day 
delay first deposition for beetles fed alternately 
Florida red scale and purple scale and 24- 
day delay for those fed purple scale. 


Vitality 


Ecological Studies Chilocorus stigma 


the beetles was also affected the food. Only 
one the beetles fed Florida red scale died during 
the 42-day test period, while all died the purple 
scale diet. Viability eggs laid during the 
experiment was very high; less than one percent 
failed hatch. 


12 


Adult Beetles 
Five Minutes 


Meon Number of 
in 


Counted Per Tree 


Aug. Sept. Oct. Nov. Dec. Jan Feb. Mar. April May June July Aug. Sept. Oct Nov 
1952 1953 


The possibility physiological races differing 
fecundity was also investigated. Specimens 
were collected from large populations Pinellas 
County grove where vellow scale, Aonidiella 
citrina (Coq.), was present but Florida red scale 
absent and Merritt Island grove with very 
low Florida red scale population. The fecundity 
these beetles when fed Florida red scale 
purple scale the laboratory compared with 
that the Polk County beetles Table 
every case more eggs were produced 
Florida red scale than purple scale. 

TABLE 
FECUNDITY TEN Chilocorus stigma (Say) FEMALES FROM 
GROVES THREE PoLK PINELLAS 

AND MERRITT ISLAND, FED PURPLE 

FLORIDA RED 


| No. EGcs PERCENTAGE GROVE 


| No. | Larp ON INFESTATION* 
|Days| Purple | Florida | Purple | Florida | Yellow 
| Seale | Red Scale Red Scale 
| Scale | | Scale | 
Polk County. 42T | 3 | 324 30 28 0 
Pinellas County 26 14 74 55 0 15 


*Percentage infestation based on number of leaves with at least one 
living female scale in a 50-leaf, randomly picked sample 

tEach experiment was terminated when all beetles fed purple scale 
had died. 


CONCLUSIONS AND DISCUSSION 
The twice-stabbed lady beetle, Chilocorus stigma 
(Sav) the most common lady beetle attacking 


scale insects citrus Florida. 
The eggs are laid protected places near the 
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larval food. Pupation takes place tree limbs 
and twigs. Adults and larvae feed half 
full grown scales but not eat eggs and crawlers 
significant quantities. The species completes 
life cycle involving seven stages develop- 
ment about one mouth summer temperatures 
and about three months winter temperatures. 
Although the species appears have common 
insect parasites, two fungi are known attack 
the adults and larvae. 

Populations the species are lowest the fall 
and winter when low temperatures result 
extended life cycle. Mortalities caused para- 
sitic fungi during the rainy season probably are 
also factor reducing populations. Beetles 
are most numerous the late spring and early 
summer result the increased food supply 
that time and the shorter life cycle higher 
temperatures. 

The twice-stabbed lady beetle prefers Florida 
red scale the more common purple scale but 
there consistent correlation between the 
abundance preferred food and numbers 
beetles. the species voracious feeder, 
relatively resistant starvation, and possesses 
high fecundity Florida red scale, this lack 
host-predator correlation perplexing. Ap- 
parently some, yet, unknown factor limiting 
the effectiveness the species. 

When other predators and parasites Florida 
red scale occur simultaneously with the twice- 
stabbed lady beetle, the species may function 
factor biological control. Alone, however, the 
beetle seems incapable reducing scale popu- 
lations and does not appear important 
formerly believed. 
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DISTRIBUTIONAL STUDIES PARASITIC 
ARTHROPODS UTAH, DETERMINED 
ACTUAL AND POTENTIAL VECTORS 
ROCKY MOUNTAIN SPOTTED FEVER AND 
PLAGUE, WITH NOTES VECTOR-HOST 
Young University Science Bulletin, Biological 

This new series biological publications has made 
auspicious beginning. Dr. Beck, with the collabora- 
tion his associates and graduate students, has pro- 
duced important monograph the subject indicated 
quite fully the title. After extended introduction, 


which the ecological background given, particularly, 
relation the desert, foothill, and mountain com- 
munities (with superb photographic illustrations), the 
work divided into two parts, the first dealing with 
plague and the second with Rocky Mountain spotted 
fever. The accumulated information 
material, with its reference intensive area-study, 
will considerable interest anyone studying these 
diseases and their vectors, reservoirs, and hosts. 
incidental historical interest the evidence that seems 
indicate that several early Mormon settlers died 
Rocky Mountain spotted fever and that Brigham Young 
himself had the disease, but recovered. 
MAURICE JAMEs. 
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MORPHOMETRIC ANALYSIS DDT-RESISTANT AND 
NON-RESISTANT HOUSE FLY 


ROBERT SOKAL anp PRESTON HUNTER 
Department Entomology, University Kansas, Lawrence 


INTRODUCTION 


This paper one series reporting the 
findings research project the genetics and 
ethology DDT-resistance Drosophila and 
houseflies conducted the Department 
Entomology the University Kansas. 

The present study concerns five DDT-resistant 
and four non-resistant strains the house fly, 
Musca domestica was undertaken with 
the aim finding possible morphological differ- 
ences correlated with DDT-resistance. Although 
such differences could established, con- 
siderable information was obtained the varia- 
tion some house fly characters, which should 
interest future investigators the subject. 

Sound reasons exist for expecting morphological 
differences between genetically different strains 
flies. Besides the possibility that some 
morphological change intimately related 
the mechanism resistance, there remain the 
generally accepted phenomena linkage and 
pleiotropism. Selection for one character gener- 
ally brings about correlated responses; see Fal- 
coner (1953) and Sokal and Hunter (1954) for 
recent examples. view the complex causal 
nexus underlying final phenotypic expression, 
the authors feel that any given quantitative 
character affected many not most the 
genes active during ontogeny. 

Several authors have claimed denied the 
existence morphological differences between 
DDT-resistant and non-resistant house fly strains. 

DDT-resistant strain with 
resistant, laboratory strain, reported thicker pul- 
villi and articular membranes, 
segments, and stiffer tarsal hairs the resistant 
strain than the non-resistant strain. 

March and Lewallen (1950) compared morpho- 
logical structures DDT-resistant Bellflower 
strain and non-resistant, 
Studies the gross morphology the two 
strains did not reveal any structural differences. 
microscopic comparison tarsal length made 


1Contribution No. 887 from the Department En- 
tomology, University Kansas. 

2This investigation was supported the Medical 
Research and Development Division the Office the 
Surgeon General, Department the Army under Con- 
tract No. DA-49-007-MD-358. The 
their appreciation Dr. Charles Michener the 
Department Entomology, University Kansas, for 
many valuable suggestions and critical reading this 
paper. They are, however, solely responsible for the 
conclusions expressed below. 

Accepted for publication, October 1954. 


from mounted material showed, with one ex- 
ception, that the tarsi the Bellflower strain 
tended slightly shorter than those the 
laboratory strain. Tarsal width the Bellflower 
strain, however, compared the laboratory 
strain was quite variable and inconclusive. These 
workers concluded that the differences the 
dimensions the tarsal segments the two 
strains were neither uniform enough nor large 
enough attributable any morphological 
differences resulting from From 
the point view morphological differences 
the above two papers can considered 
preliminary only, since too few characters and 
individuals are involved. 

D’Alessandro al. (1949) state that the 
diameter the pulvilli the pretarsi re- 
sistant flies was less than that control flies. 
Their findings are inadequately documented.* 

While the present experiments were progress 
Bigelow and LeRoux (1954) published paper 
reporting distinct morphological differences be- 
tween resistant and non-resistant strains the 
house fly. Since their work has important 
bearing our own results, discussed 
later section. 


MATERIAL AND METHODS 


the course our investigation measure- 
ments were taken nine strains house flies 
which had been maintained for approximately 
nine months our laboratory. For convenience 
these strains have been designated 
DDT-resistant strain and NKS—a non-resistant 
strain, both obtained June, 1953, from Kansas 
State College, Manhattan, B—Bell- 
flower strain originally DDT resistant the 
field but reared for four years the laboratory 
without exposure DDT and LC—Lab Cali- 
fornia, non-resistant laboratory strain, both 
received July, 1953, from the Citrus Experi- 
ment Station, Riverside, California;> LDD—a 
lindane- dieldrin- and DDT-resistant strain and 
OL—Orlando No. DDT-resistant strain, both 
which were obtained July, 1953, from the 
U.S.D.A. Laboratory Orlando, RH— 
DDT-resistant strain and NH—the 1948 


and LeRoux’s (1954) citation another 
paper D’Alessandro Soc. Ital. Biol. Sper. 
Bol. 25: 305-307) connection with morphological dif- 
ferences between resistant and non-resistant flies appears 
error, since the paper was found not deal 
with this topic. 

the courtesy Dr. Paul Dahm. 
the courtesy Dr. Lawrence Lewallen. 
the courtesy Dr. McDuffie. 


499 


ol 
4 
- 
+3, « 
; 
fat 


NAIDM non-resistant strain, both obtained from 
the Shell Development Company’s Agricultural 
Research Division Denver, Colorado, June, 


1953;7 BS—originally wild strain taken near 
Lawrence, Kansas, the fall This 
latter strain, the time the measurements were 
made, had been inbred brother-sister mating 
for approximately generations. 

Strains RKS, RH, LDD, and had been 
reported resistant other workers. shall 
call them the nominally resistant strains. Stock 
only the LDD and strains have 
been exposed DDT this laboratory. Once 
week two one-half foot square plyboards wer 
treated with mixture lindane, DDT, and 
dieldrin dosage mg./sq. ft. After 
drying, these boards were suspended the breed- 
ing cages the LDD and strains. This ex- 
posure treatment was started about two months 
after the strains were established this labora- 
tory but was interrupted for some time after 
about three months selections because the 
low population numbers these strains. The 
stock cultures the non-resistant strains were 
never exposed DDT any time. 

order better correlate morphology with 
resistance, felt necessary ascertain the 
actual levels the nine 
strains. The data were obtained from another 
series experiments run about the same time 
the authors and dealing with the form dosage- 
mortality regression curves these house fly 
strains. 

Resistances were determined topical appli- 
cation p-p’ DDT dissolved carbon tetra- 
chloride. 
sex, age and sample size, and were fed before 
and after exposure. Temperature was kept con- 
stant and mortalities recorded after 
hours. were recorded p.p.m. DDT 
the solvent. 

Although the outcome these experiments 
was quite variable, were able the basis 
several replicates each strain set the 
following array strains with their relative 
Lab California strain). note that the strains 
fall roughly into four groups follows: 


Group 2...... LDD 4.0 
3.8 
Group 3........RH 
Group 4........NKS 0.5 


the courtesy Dr. Sun. 
the courtesy Dr. Bernard Greenberg. 
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Groups and are considered actually 
resistant, groups and actually non-resistant. 

Stocks for maintaining the strains were handled 
follows: Adult flies were kept constant 
temperature room maintained 27°C. The 
flies were given fresh food each day putting 
small amount cellucotton dixie cup and 
covering the cellucotton with solution 
powdered milk and honey. These food cups also 
served oviposition sites for the females. 
Eggs for new cultures were collected from the 
food dishes and seeded into quart jars, approxi- 
mately 700 eggs per jar, containing standard 
NAIDM fly medium. These jars were then 
placed temperature chambers 30° for the 
duration the larval period. The resulting 
pupae were removed flotation, dried, and 
placed new stock cages. 

Flies reared for measuring were handled 
the same manner, except that the larvae were 
reared pint jars with approximately 250 eggs 
per jar. For any one series the cultures for 
measuring were all made from the same 
batch medium, seeded the same time, and 
the jars kept the same temperature chamber. 

separate series flies were reared for 
measuring, representing four different generations, 
over period five months. Only one jar per 
strain was reared for each series and 
series three jars each strain were reared 
for measuring. Flies series and were 
measured from freshly killed specimens. Meas- 
urements series and were made flies pre- 
served 65% alcohol. Bilaterally symmetrical 
structures were measured random from the left 


right side the fly. 


The following characters were measured 
the various series: 


Character 


length the wing from the distal end 

vein the point where the 

humeral and subcostal veins join. 

B—width the wing from the distal end 
the distal end vein 

C—length the metafemur. 

D—length the metatibia. 

E—length the first metatarsus hind 
tarsus). 

ngth the fourth metatarsus. 

length the third antennal segment 

(=X, Bigelow and LeRoux). 

J—number dorsal setae the arista 
the 

K—number ventral setae the arista 
the 

L—length the scutum along the midline. 

M—length the scutellum along the 
midline. 

N—distance between the inner margins 
the eyes, measured across the two 
posterior ocelli. 

O—number setae the third abdom- 
inal sternum. 

P—number setae the fourth abdom- 

inal sternum. 


into square roots actual counts for 
statistical analysis. 
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Xi—maximum width second abdominal 
sternum Bigelow and LeRoux). 

X2—maximum length second abdominal 
sternum Bigelow and 
Roux). 


From the above characters four ratios were 
computed: 


(to approximate Bigelow and LeRoux) 


For series characters through were meas- 
ured for approximately flies each sex for the 
following LDD, RKS, LC, and 
BS. Ratios and were computed 
well. series approximately female flies 
each strain used series were measured for 
measured for females all nine strains, and 
ratios and were computed well. 
series characters and were measured 
females (eight from each rearing vessel) 
eight the nine strains, and the ratio 
computed. Only females were measured for 
strain 

The measurements series were made two 
technicians. Mr. Zvi Luft measured characters 
characters were measured Mr. Robert Martin. 
Series comprised only characters and 
and was again measured Mr. 
nately had change measuring personnel 
with series and this series was measured its 
entirety, was series Mr. Lowell 
Stanley, Jr. all these persons the authors 
express their appreciation. Changing measuring 
personnel introduced bias between series and 
and However, since alllikemeasure- 
ments within each series were made the 
same person, differences between strains should 
not affected. order test the reliability 
the measurements, sample flies was re- 
measured the same person after several days. 
All errors were below magnitude, except 
for characters and 

Much the statistical work for series was 
done IBM punched card machines. Misses 
Marion Clyma and Jacqueline Johnson and Mr. 
Ralph Jones assisted ably with IBM and desk 
computations. 


RESULTS 
Series One 


Table shows the means, standard errors, and 
sample sizes nine representative characters out 
the that were The same statis- 
tics are shown for character ratios Xs, and 


Females only are tabulated. Males showed 
parallel differences between strains, except that 
males strain were particularly small 
general size. The nominally resistant strains 
were clearly larger for most characters and had 
lower ratio, except for strain 
was generally small and had high mean. 
This might suggest correlation between general 
size and DDT-resistance. However, when means 
measurements are compared with actual levels 
resistance determined resistance assays, 
only character and ratio appear 
strongly correlated with resistance, although 
and show significant differences between 
resistant and non-resistant strains. These find- 
ings are illustrated Table where results 
analyses variance are given abbreviated 
form. Character and ratio appear have 
relation resistance although strains differ 
significantly for them. 

the absence resistance assays the 
strains, and had completed our experiments 
with series might have been led con- 
clude that DDT-resistant strains are larger for 
most characters than non-resistant strains. 

Series Two 

Only four characters were measured series 
Means, standard errors, and sample sizes for two 
characters this series are shown Table 
and analyses variancein Table II. The results 
were quite unexpected. The nominally non- 
resistant strains increased general size while 
the nominally resistant strains remained 
formerly small, now had increased become the 
largest strain for the four characters. Thus 
this series the strains appear 
generally larger than the resistant strains. There 
obvious relation between actual level 
resistance and any measured character. How- 
ever, character and ratio X;, which were 
correlated with actual level resistance series 
were not recorded for series this series 
the one feasible ratio, proved differ from 
series for most strains and again showed 
correlation with resistance (not shown tables). 


Factor Analysis Pooled Data 


This complete reversal series the situa- 
tion series greatly disturbed us. Had the 
strain means series differed from those 
series more less random manner, 
would have concluded that variance between 
strains was very large and that the resistance 
relation series had been fortuitous. How- 
ever, the apparent reversal the previous findings 
making non-resistant flies larger than resistant 
ones seemed curious phenomenon indeed. 

this time also there appeared paper 
Bigelow and LeRoux (1954) reporting distinct 
morphological differences between resistant and 
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non-resistant house flies. These authors found 
two ratios particular use discriminating 
between the two groups flies: (as identified 
above) and divided width frons 
between the ptilinal sutures the level the 
boundary between the second and third antennal 
segments). Since had made measure- 
ments abdominal sterna series and 
could not calculate for these series. However, 
taking the ratio could ap- 
proximate Bigelow and LeRoux our series 
general our findings for series 
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matched theirs that the lower means were 
from resistant strains. 

thus seemed desirable repeat the experi- 
ment for third time order investigate the 
curious reversal had observed well 
serve check Bigelow and LeRoux’s findings. 

order reduce the number characters 
measured from economically feasible 
array, undertook factor analysis identify 
the major sources variation the data 
series The method used was quite crude 
view time limitations. used the matrix 


TABLE 


MEANS, STANDARD ERRORS AND SAMPLE SIZES FOR SERIES MEASUREMENTS REPRESENTATIVE CHARACTERS AND 
RATIOS FEMALES NINE STRAINS HOUSE 


STRAIN 
| | 
RKS. | 24 | 40 25 | 24 4.75 | .070 | 4.74 024 | 4.62 | .026 | 1.885 | .0344 | 1.858 0109 | 1.979 .0102 | 1.877 .0224 
B.. 37 | 33 | 25 | 16 | 4.71 043 .053 | 4.31 .036 | 1.872 | .0197 | 1.665 0200 | 1.829 0163 | 2.093 0153 
LC. 37 | 40 | 25 | 24 4 66 029 .032 | 4.30 .043 | 1.879 | .0136 | 1.937 0136 | 1.831 | .0156 | 2.022 0152 
BS. 39 | 40 | 25 | 24 4.67 027 | 4.67 028 | 4.26 030 | 1.853 | .0143 | 1.884 0126 | 1.728 0125 | 2.032 .0129 
| |-— ——-— |—-- | -—- — = {— 
LDD.. 0 469 0 0038 477 0 0036 | 7.3001 0 00151) 7.5240 (0.00205 | 1.422 0.0099 | 1.218 0 0084 | 26.8 73 | 26.2 | 0.68 | 27.1 | 0.76 
OL. | - 514 | .0045 - | 8.1111 | .00244 ~ - 1.362 | .0118 _ — | 26.9 | 1.13 | 34.3 | 1.59 
RH.. 438 0070 | .509 | .0045 | 6.6835 00288) 7.7173 | .00216 | 1.301 0210 | 1.385 0096 | 26.0 95 | 30.9 | 1.17 | 29.4 .74 
RKS -| .455 0048 512 0050 | 7.0960 .00165| 7.9693 | .00166 | 1.368 | .0197 | 1.352 | .0076 | 31.8 | .64 | 29.0 | 1.12 | 32.9 | 1.44 
LC... | .451 0033 | .461 0042 | 6.6359 | .00073| 8.4158 00110 | 1.351 0102 | 1.288 0091 | 29.2 80 | 26.0 7 27.5 84 
NH. - | yr .521 | .0036 - - 7.8961 | .00145 - - 1.327 0106 - - 25.8 -75 | 27.5 83 
NKS. — | .476 .0062 — 7.1717 00167 | 1.27 28.0 .96 | 30.5 | 1.09 
| | | 
| Xs Xs Xo 
STRAIN 
| | | 
LDD. 1.028 0.0145 1.021 0.0198 0.597 0.685 0.0091 0.1333 0.00182 0.497 0.0055 
RH. 1.047 0167 | 1.128 0180 614 0083 665 | 0078 1312 00243 472 0059 
RKS.... ;} 1.148 | 0162 1.190 .0160 584 0066 654 0060 1419 00227 439 0046 
B. 1.012 0180 | 1.011 606 .0079 685 | .0060 00175 436 
NKS. | 1.073 .0177 | 1.082 .0207 | 0101 
: | 1.154 0200 1.117 | 0068 694 .0100 00127 .440 0025 
*All linear measurements are expressed in millimeters. Letters across top of table refer to characters mentioned in text. 
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product-moment correlations between the 
characters based the pooled data from series 
thus including covariances between strains, be- 
tween sexes, and within strain-sex groups. This 
generally lowered the values the matrix 
and confounded some rather important correla- 
tions, notably those involving (width head) 
view the large difference between sexes 
for that character. The alternative basing 
the correlation maxtrix partitioned covari- 
ances was not undertaken, since would have 
been too time consuming. 

The purpose factor analysis arrive 
set factors, which are fewer number than 
the characters comprising the correlation matrix, 
and which explain large part the variance 
the characters. When suitably multiplied 
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For purposes this paper Table III will give 
the results the factor analysis. Column 
this table contains the unexplained portion 
the variance for each character expressed 
where the factor loading the 
character general size (or path coefficient 
from general size the Sewall 
Wright’s terminology). Thus characters with 
low values column are much affected 
general size; those with high values are largely 
independent general size. Column 
Table III lists high (>0.30) residual partial 
correlations with general size kept constant. 
These are indicators the existence group 
factors factors affecting more than one 
character). 

Examining Table III find that (metatibia 


TABLE 


LEVELS SIGNIFICANCE FOR F-RATIOS BASED ANALYSES VARIANCE SERIES MEASUREMENTS 


REPRESENTATIVE CHARACTERS AND RATIOS FEMALES FOR NINE STRAINS HOUSE FLIES ARE SHOWN* 


SE ES y 2 4 1 
VARIATION SERIES | 1 2 3 1 3 1 3 | 3 
Nominal res. vs. nominal non-res.. N.S. N.S N.S. N.S 
Actual res. vs. actual non-res.. N.S. N.S N.S. N.S N.S N.S. N.S 
Res. group vs. group N.S. N.S N.S N.S. N.S. 
L O Xs Xz Xs Xo 
SOURCE 
Nominal res. vs. nominal non-res... N.S. N.S. N.S N.S. N.S 
Actual res. vs. actual non-res.. N.S. | N.S. N.S N.S. 
Res. group 1 vs. group 2. N.S. N.S. N.S. 
Res. group vs. group N.S. N.S N.S. N.S. N.S N.S N.S. 


(Symbols: .01, .05, N.S. .05). Letters across top table refer characters mentioned text. Mean squares and 


degrees of freedom are not shown in order to conserve space. 
University of Kansas, Lawrence, Kansas. 


with each other, these factors reproduce the 
original correlation matrix. For more informa- 
tion this topic see Cattell (1952), Thomson 
(1951), Stroud (1953). limited ourselves 
extracting general size factor modifica- 
tion Hotelling’s iterative procedure devised 
Wright (1953) and converting residuals 
partial correlation coefficients with general 
size kept constant. Neither the original matrix 
correlations nor the details the procedure 
are given this paper for reasons space 
economy, well being beside the main topic 
this article. The senior author preparing 
manuscript the application various methods 
factor analysis biology, which will contain 
detailed discussion some these problems. 


They are available on request from the Secretary of the Department of Entomology, 


length) the best indicator general size. 
There appears wing-thorax factor involv- 
ing and well leg factor involving 
and Characters and should well 
represent general size and these thoracic factors. 
There clear antennal setae group factor 
shown rJK.g and similarly abdominal setae 
group factor shown rOP.g. Characters 
and were chosen represent these factors. 
The high partial r’s involving would seem 
spurious view the effects sex the 
pooled matrix. Similarly, the unex- 
plained variance proportion 1.00 for 
grossly exaggerated. Nevertheless, and 
were retained for measurement possibly repre- 
senting special factors those acting one 


= 


character only the matrix) and also necessary 
data for the computation ratio compare 
with ratio Bigelow and LeRoux. Finally, 
and were added our series measure- 
ments enable calculate ratio these 
authors. 


Series Three 


The third series was run enlarged group 
nine strains. The results were largely incon- 


clusive. Table shows the means, standard 
errors, and sample sizes. Nominally resistant 
strains were different from 


TABLE III 
FACTOR ANALYSIS POOLED CORRELATION 
MATRIX 


PROPORTION OF 
VARIANCE (> .30) Resmpvuar PartIAL 
CHARACTER | UNEXPLAINED BY CORRELATION COEFFICIENTS 


GENERAL SIZE (general size kept constant ) 


resistant ones for characters and 
When actual levels resistance are compared 
with the magnitudes the means, there are indi- 
cations that Bigelow and LeRoux’s and our 
correlate with resistance but not any great 
extent. Table shows the variance 
abbreviated form. 


Discussion Series through 


this point would well review and 
discuss the confusing and contradictory results 
presented above. Two main problems present 
themselves: Why that consistent 
morphological correlate DDT-resistance has 
been found? and How that apparently 
significant strain differences are obliterated, 
not reversed, subsequent 

The lack morphological correlates 
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resistance need not disturb unduly. Although 
believe, have stated the introduction, 
that some morphological pleiotropic effect 
likely for any hereditary physiological variation, 
may well that the characters chosen 
did not reflect such pleiotropic effect and 
that some other character, yet undiscovered, 
would show correlation with resistance. 

More likely, however, the occurrence 
several types resistance each with different 
morphological correlates. Our data their 
very nature cannot throw light this problem. 
the other hand, had there been good correla- 
tion between morphology and resistance, 
could have concluded that least large portions 
the genetic factors making for resistance 
the various strains were identical. The hypoth- 
esis that lack correlation due differences 
the genetic make-up the various strains 
has much commend it, the published 
evidence the genetic nature DDT-resistance 
house flies contradictory. 

Bruce (1949) claimed cytoplasmic (!) inherit- 
ance DDT-resistance without presenting sup- 
porting data. vear later the same author 
(Bruce, 1950) believed DDT-resistance 
caused multiple genetic factors. The data 
given this paper are, however, entirely inade- 
quate for discrimination between unifactorial and 
multifactorial hypotheses. Analyses the 
and backcrosses well data variances and 
regression coefficients dosage-mortality curves 
are prerequisites for such discrimination. 

Harrison (1951) found knockdown time 
due single allelomorph crosses between 
Italian resistant and non-resistant strain. How- 
ever, when working with survival criterion 
resistance the same author (Harrison, 1953) 
indicates that multiple factors might determine 
resistance the Italian strain and that different 
resistant strains might have different physiologi- 
cal and genetic properties. Here again more 
evidence desideratum. The works Norton 
(1951) and Pimentel al. (1954), show the in- 
termediacy resistance from crosses 
between resistant and non-resistant strains but 
not proceed with the genetic analvsis. 
stimulating study Maelzer and Kirk (1953) 
demonstrates two resistant flies com- 
prising the strain. 

should clear from the above that 
sufficiently thorough analysis the genetics 
DDT-resistance house flies has been made 
yet and that quite likely different strains have 
different genetic systems making for resistance. 
Thus should not surprise find that 
morphological correlate DDT-resistance ap- 
parent. Busvine found physiological dif- 
ferences between resistant house fly strains 
different origins. This might indicate varying 
mechanisms resistance which turn would 
lead differences morphology. Finally, 
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the experience the authors, DDT-resistant 
strain Drosophila melanogaster showed constant 
differences pupation site when compared with 
control strain (Sokal and Hunter, 1954). 
differently selected strain from the Long Island 
Biological exhibited resistance but 
difference pupation site. The authors thus 
remain skeptical about morphological correlates 
for resistance general, contrasted with 
correlates for specific resistant strains. 

Granted the absence overall morpho- 
logical should still expect the strain 
means retain their relative positions from 
examine detail the sources variation 
our data. 

Leaving aside sex, which source variation 
series only, the following hierarchy causes 
variation can established: 

Variation between individual flies within 
rearing vessels, strains, and series. This 
consists genetic differences owing 
different parents well chance recom- 
binations, and environmental 
differences such amount food eaten 
individual larva, microclimatic differ- 
ences, etc. Bilateral asymmetry also con- 
tributes this variation. 

Variation between rearing vessels within 
strains and series. the eggs for the 
seeding the vessels have been taken 
random, this should entirely en- 
vironmental effect. refers differences 
microclimate and food-level, possibly 
the bacterial and fungous flora, which exist 
between rearing vessels spite our at- 
tempts uniformity. 

Variation between strains within series. 
nature. However, the possibility genetic- 
environmental interaction must not 
overlooked. This variation the one 
with which our investigation was mainly 
concerned. 

Variation between series. This should 
largely environmental 
changes the medium and uncontrolled 
climatic factors, such humidity. The 
difference bias between the measurers 
series and and the one series 
and enters here well. Genetic change 
over various generations well known for 
caged and wild fly populations Dro- 
sophila and could easily have occurred 
this case. Whether these changes would 
have been parallel for all nine strains 
whether they would have affected the 
strains differently hard say. 


The confusing variation encountered our 
data could caused variation varia- 


through the courtesy Dr. James King. 
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tion the form strain-series interaction. 
re-examination our data throws some light 
this matter. 

Table gives the variance components be- 
tween strains expressed percent total varia- 
tion for all three series. note that this per- 
centage varies from character character 
expected depending the phenotypic variance. 
Variation from series series might caused 
greater lesser differences between rearing 
vessels and also some extent differences 
accuracy measurement between measuring 
personnel. 

When the data all three series are put to- 
gether and hierarchic analysis variance 
performed them, find that differences be- 
tween strains are obliterated might have 
expected. the other hand, mean squares for 
series within strains are highly significant, and 
their variance components make from 
percent the total variation. 


TABLE 


PERCENT VARIANCE DUE STRAINS FOR SEVERAL 
CHARACTERS MEASURED THIS STUDY 


CHARACTER SERIES SERIES SERIES SERIES 
21.4 60.8 39.1 31.8 
26.6 34.1 
9.8 
36.6 4.4 
37.9 22.0 
15.6 17.4 


setting series within strains, however, 
cannot differentiate series effect from 
rearing vessel effect, and was this end that 
experimental series was initiated. 


Series Four 


Series was distinguished having three 
replicate rearing vessels per strain except for 
strain where one vessel failed owing molding 
the larval medium. Thus were able 
partition total variance into 
tween strains, between rearing vessels within 
strains, and within vessels. Results are shown 
below expressed percent total variation: 


Character 
Between rearing vessels within 

Within rearing 82.4 71.6 


regards the mean values the three char- 
acters for the nine strains, they were again 
significantly different from each other but bore 
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little relation previous findings (see Tables 
and II). Character showed some differentia- 
tion when nominally resistant strains were 
tested against nominally non-resistant ones. 
Bigelow and LeRoux’s showed differentia- 
tion all (see Table Actual levels 
resistance were also not impressively correlated 
with morphological differences, although and 
showed significant differences between actually 
resistant and non-resistant strains. 


DISCUSSION AND CONCLUSIONS 


would appear that the problem how 
possible for strain means vary relative posi- 
tion from series series has not been fully 
elucidated. Series aids our understanding 
the phenomenon demonstrating that and 
some extent have sizeable variance 
component associated with variation between 
rearing vessels (listed above component b). 

This vessel effect, presumably nutritional 
nature, would seem act the general size 
factor; its greater effect than the 
latter being much less influenced general size 
than the former. the other hand, has 
larger error measurement, making for 
larger percentage variation within vessels. 

effect the level nutrition general 
size least two species cyclorraphic diptera 
has been well demonstrated Ullyett (1950) 
blowflies and Chiang and Hodson (1950) 
Drosophila. seems reasonable assume 
important causal agent our study. 
When strain mean variances are synthesized 
from variance components series and com- 
pared similar variances series found 
that the quantities are least the same order 
magnitude. However, will still necessary 
account for the remaining variation between 
strains. 

experiments that did not segregate vessel 
variation was found that the disturbing fluctua- 
tion the means could pinned down 
series-strain interaction. Allowing for de- 
crease this interaction when vessel variation 
accounted for, can think only two possible 
causes for the phenomenon: rapid genetic 
change the strains and ii) selection very 
limited number egg clutches for the rearing 
measurement material. 

The first these possibilities seems very 
remote. There might have occurred rapid gene 
frequency changes the past due chance 
sampling, whenever strain got very low 
number. this did not happen during 
the experimental period. 

The second phenomenon might well con- 
tribute the effect. Since between clutch 
variance analysis has not been performed 
house flies, have estimate the magnitude 
the effect. series and special efforts 


were made avoid selecting eggs from very 
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few clutches only. Thus small clutch number 
cannot have had too great effect. The 
authors hope able evaluate the genetic 
and clutch contributions the variance house 
fly characters later study. 

conclusion the great phenotypic lability 
the house fly characters should 
Since experiences during the larval life flies 
have important effects subsequent adult 
physiological performance (Ullyett, 1950; Chiang 
and Hodson, 1950), great morphological fluctua- 
tion must also expected. reasons given 
above, morphological correlates DDT-resistance 
are not too likely. would, however, 
hard find even extant, unless the unknown 
source variation found and controlled. 

view the present results, the authors 
would like await the outcome further in- 
vestigations before accepting the findings 
Bigelow and LeRoux (1954) based only 
single series measurements and with flies 
reared under unspecified conditions. 

These authors reported that distinct morpholog- 
ical differences exist between DDT-resistant and 
non-DDT-resistant strains the house fly and 
that, specifically, two ratios and indicate 
the differences resistance. With the help 
these characters they set linear discriminant 
function which might enable entomologists 
determine the resistance status any given 
fly. view the findings the present study, 
this procedure seems premature. remeasuring 
Bigelow and LeRoux’s strains should prove 
very interesting, regardless the outcome, 
since might lead better understanding 
the puzzling variation encountered our work. 


SUMMARY 


Measurements were taken about 
thousand flies from nine different strains the 
house fly, Musca domestica. Five strains were 
reportedly DDT-resistant and four were non- 
resistant. These measurements represent four 
series flies reared over period five months. 

Sixteen morphological characters were 
measured and four ratios computed therefrom. 
Neither all characters nor all strains were 
measured each series. Males were measured 
only series 

crude factor analysis was performed 
order secure characters representative the 
major, primary factors causing variation the 
characters studied. 

Means and standard errors for representa- 
tive characters strains the four series are 
listed Table examination this 
table will reveal that strain means changed from 
series series without any apparent pattern. 
Positions strain means, relative each other, 
change with the series. 

The data were subjected analyses 
and the results are shown Table II. 
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Strain means are significantly differentiated for 
almost all characters every series. Significant 
morphological differences between nominally re- 
sistant and nominally non-resistant strains are 
found for different characters the four series. 
Actual resistance levels are associated with 
morphological differences some characters 

general may concluded that DDT- 
resistance not correlated with any the 
morphological characters ratios this study. 
This contradicts the findings Bigelow and 
LeRoux (1954), who demonstrated differences 
two character ratios between resistant and non- 
resistant flies for one series measurements. 

The possible reasons for this lack 
morphological correlates resistance are dis- 
cussed. Evidence taken from the literature 
support the view that different genetic systems 
making for DDT-resistance have evolved and 
that, therefore, there common morphological 
correlate. 

The instability strain means investi- 
series found that strain means for 
characters affected general size show consider- 
able variation between rearing vessels. 
concluded that nutritional level rearing vessel 
contributes the variation the strain means, 
but that other, far speculative, factors must 
play some role this phenomenon. 
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LOCALIZATION SOME INSECT SENSE ORGANS USE 


EDWARD HODGSON? THOMAS SMYTH, Jr., Barnard College, Columbia University, and 
Tufts University 


Hyperexcitability and tremors are the initial 


symptoms poisoning arthropods with 


(1, 1-trichloro-2, 
Roeder and Weiant (1948) demonstrated that the 
physiological mechanism underlying these symp- 
toms, with relatively low concentrations DDT, 
unstabilizing action the drug upon 


contract between the Medical Division, 
Chemical Corps, Army, and Tufts College. Under 
the terms this contract the Chemical Corps neither 
restricts nor responsible for the opinions conclusions 
the authors. 

2Public Health Service Postdoctoral Research Fellow 
the National Institute Neurological Diseases and 
Blindhess. 


peripheral sense organs. The instability typi- 
cally results trains impulses from the sense 
organs, instead their normal pattern afferent 
activity. This suggests possibility for locating 
the peripheral origin the various potentials 
which can recorded from sensory nerve 
fibers using the electrical methods commonly em- 
ployed neurophysiology. treating various 
presumed sensory structures turn with DDT 
and determining which nerve fibers show trains 
impulses precise association nerve activity 
with particular sense organs would achieved. 


Such possibility complicated, however, 
the fact that DDT known penetrate 
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the insect cuticle and stored transported 
other parts the body. Topically applied radio- 
active DDT can recovered, either DDT 
its derivative metabolites, from all parts the 
integument, the body fluid, ganglia, repro- 
ductive and muscular systems (Lindquist, 1952). 
Penetration and internal transport DDT, re- 
sulting unstabilizing action receptors 
distant parts the body has, fact, recently 
been postulated explain the lowering 
threshold tarsal chemoreceptors following topi- 
cal application DDT the abdomen (Smyth 
and Roys, 1955). Another complicating factor 
which must considered the internal metabo- 
lism and detoxification DDT, indicated both 
chemical analysis and bioassay the toxicity 
internal DDT its metabolic derivatives 
(Perry and Hoskins, 1950). Rapid binding 
DDT the surface sensory neurons may also 
influence the physiological effectiveness DDT 
reaching those cells (Roeder and Weiant, 1951). 

The present study was undertaken de- 
termine the conditions under which topically ap- 
plied DDT might used marker for periph- 
eral sense organs, and whether further evidence 
could found for the possibility internal 
transport physiologically active DDT 
sensory neurons distant from the site topical 
application. The effects solvent used 
applying DDT, the site application and the 
time exposure DDT are considered insofar 
they relate these problems. 


METHODS 


The flesh fly, Sarcophaga bullata Parker, was 
selected the experimental animal because 
stocks sensitive DDT can easily maintained, 
and the large size the fly facilitates use 
electrophysiological techniques. Wings 
anesthetized flies were fastened with warm 
needle paraffin blocks such way that the 
fly rested, ventral side up, with legs and abdomen 
free move. Wire staples were then fastened 
over the legs treated with DDT used for 
electrical recordings. some cases was neces- 
sary staple legs adjacent treated ones 
order prevent their contamination with DDT. 
The cuticle was not injured this process. 
Controls which the treated legs were able 
move within small glass vials instead being 
stapled showed significant difference 
spread DDT symptoms, indicating that close 
restraint leg movement has appreciable 
effect penetration internal transport 
DDT. 

Pairs pointed electrodes, ground from 
tungsten wire, were inserted into the tibia the 
leg close possible the tarsus record 
electrical activity the leg nerves. Electrodes 
were usually placed two untreated legs well 
the treated one before DDT was applied. 
Results with controls which electrodes were 
inserted into all legs minutes after DDT 


was applied indicated that the presence the 
electrodes the leg had significant effect 
the internal movements DDT. The elec- 
trodes were connected through cathode fol- 
lower Grass Amplifier, cathode ray 
oscillograph and loud speaker. some experi- 
ments the amplified nerve potentials were 
recorded Magnecord tape recorder and the 
frequency spike potentials various ampli- 
tudes counted with Electrodyne electronic 
impulse counter over periods long hours. 
The pattern spontaneous nerve activity such 
preparation remains approximately constant 
for least hours, during which time DDT 
trains can identified either their pattern 
the oscillograph screen the characteristic 
sound they produce the loud speaker. 

DDT (Grasselli, purified) was prepared 
solutions triethylene glycol (TEG), 
acetone vaseline. These solutions were ap- 
plied 0.002 ml. droplets the surface the 
tarsus, tip the abdomen, the tips 
single hairs the labellum. was not possible 
control the amount applied single labellar 
hairs. this case small quantity DDT 
solution was taken fine wire loop and 
touched the tip the sensory hair being 
studied. The distal end the hair was thor- 
oughly covered. Six labellar hairs were treated 
this way each fly used for the labellum tests. 
Because the difficulty limiting the spread 
acetone over the surface single hairs, DDT 
acetone was not tested the labellum. 

Five flies were used the test unit each 
case, unless specified otherwise. The time elaps- 
ing between application DDT and the appear- 
ance tremors nerve trains each fly was 
recorded. Tremors were used the behavioral 
criterion DDT effects because they provide 
unmistakable symptom DDT poisoning, but 
they not appear every in- 
dividual fly, and they are generally accompanied 
other symptoms well. the electrical 
records nerve activity the characteristic tone 
produced when DDT trains are amplified through 
the loudspeaker was used evidence DDT 
effects, even when the size the nerve potentials 
was too small produce recognizable train 
impulses the oscillograph screen. 


RESULTS 


Spread behavioral symptoms.—1% DDT 
solutions, control solutions solvent without 
DDT, were applied. Behavioral data from tests 
with DDT the three solvents and applied 
three different parts the body are presented 
Table The numbers represent the time 
minutes which elapsed between application 
DDT and the first appearance tremors each 
fly. Data the appearance symptoms 
treated (T) and untreated (U) legs are re- 
corded separate columns. There was 
significant difference between the times 
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symptoms appeared the various untreated legs, 
although generally they all showed tremors 
after the symptoms had already appeared 
the treated leg. case were there any 
behavioral symptoms produced the control 
treatments with TEG, vaseline acetone. The 
absence clear-cut local symptoms from DDT 
applied the abdomen prevented comparison 
between local and distant effects that case. 
Any local tremors resulting from DDT placed 
the labellar hairs was completely obscured 
the proboscis response mediated the chemo- 
sensory apparatus the tip the hair. 

Two hypotheses might account for the ap- 
pearance muscular tremors areas the 
body other than those around the treated areas: 
(1) the DDT might absorbed and transported 
internally physiologically active state, sub- 
sequently acting directly distant sense organs, 


TABLE 


TIME MINUTES FOR APPEARANCE TREMORS AFTER 
DDT 
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centrations DDT the central nervous 
system (Roeder and Weiant, 1946), indicates that 
the drug did not simply reach the central nervous 
system and exert its effects indirectly from there. 
Hence, physiologically active DDT must pene- 
trate the tarsal integument and transported 
the non-treated legs. The questions (1) 
whether not DDT acts first the sensory 
structures the legs which moves, and (2) 
the minimum dosage and exposure the treated 
leg necessary for distant effects occur are 
dealt with below. 

Spread electrically detectable DDT symp- 
toms.—The number minutes elapsing between 
application DDT and the first electrically 
detectable DDT-induced trains impulses are 
found Table II. Each number represents the 
result obtained with single fly. Three flies 
were used the test unit these experiments. 


TABLE 
TIME MINUTES BEFORE ONSET NERVE IMPULSE 
TRAINS AFTER DDT 


SOLVENT TEG ACETONE SOLVENT TEG VASELINE ACETONE 
Labellar 


Symbols used: treated leg; untreated legs; 
response; data not obtainable. 


nerves muscles, (2) the barrage sensory 
impulses from the area might 
lead reflexly trains efferent nerve impulses, 
resulting widespread tremors even though the 
physiologically active DDT remained localized. 
distinguish between these two possibilities 
DDT was applied the tarsus three addi- 
tional tests, each using different solvent. 
each series this type, soon the first DDT 
tremors appeared any leg other than the 
treated one, the entire treated leg was cut off, 
thus removing the initial source DDT-induced 
nerve trains well the source DDT. Abla- 
tion the treated area that time had 
effect the tremors other legs. When the 
DDT symptoms were well advanced non- 
treated legs from these preparations (after ap- 
proximately one hour), the non-treated legs 
continued show DDT tremors even when re- 
moved from the body, indicating that enough 
DDT can transported internally affect 
motor nerves muscles. This, plus the demon- 
strated absence effects even higher con- 


Explanation: electrodes close site DDT appli- 
cation; electrodes untreated leg nearest site DDT 
application; electrodes most distant leg; 
response; data obtained. 


Data columns marked were obtained from 
electrodes placed near the site DDT application 


(i.e. within few millimeters treated tarsi at. 


the bases treated labellar hairs). Correspond- 
ing data for the abdomen are omitted because 
the difficulty obtaining adequate electrical 
indication local excitation near the site 
DDT application there. Columns headed and 
show the number minutes elapsing until 
DDT trains were recorded from untreated legs. 
Column applies the leg nearest the site 
DDT application. Column applies the 
most distant leg. The left leg was 
most often the one exposed DDT, which case 
column refers the left mesothoracic leg and 
column the right prothoracic leg. When the 
abdomen labellum was treated, the data 
columns and were obtained from either the 
right left leg the nearest most distant 
pair, respectively. 
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Comparisons the time elapsing before the 
first electrically detectable DDT trains with 
the time onset behavioral symptoms show 
the electrical method the more sensitive 
indicator DDT effects near the site applica- 
tion. distant parts the body the first DDT 
trains closely coincided with the appearance 
behavioral symptoms. 

Except for trains the site application the 
electrical method revealed DDT effects 
other parts the body following application 
DDT single labellar hairs. Electrodes placed 
labellar hairs failed pick any DDT effects 
which could not attributed reflex activity. 
This could eliminated easily severing the 
proboscis near its base. Thus localization 
the action DDT, even single sensory hairs, 
can achieved. 

Influence solvent and time exposure.— 
might expected, the data summarized 
the tables suggest difference the length 
time required for the onset DDT symptoms 
according the particular solvent used. DDT 
either TEG acetone elicited symptoms 
sooner than when dissolved vaseline. Since 
such difference might have considerable value 
the use DDT marker for particular 
sense organs, more extensive test with DDT 
TEG and vaseline was carried out. DDT 
acetone was not tested further because the 
difficulty limiting its spread the cuticle. 
One tarsus each flies two series was 
treated with DDT TEG vaseline for 
times ranging from minutes. ter- 
minate treatment all DDT-treated legs were ex- 
tirpated. Thus two series flies were obtained 
which had been exposed externally applied 
DDT for varying lengths time. 

exposure minutes was necessary DDT 
TEG was reach other legs, even though the 
symptoms did not appear untreated legs until 
minutes after application DDT. Using 
DDT vaseline the exposure time had 
lengthened minutes order produce 
symptoms other legs, these appearing 
minutes. data suggest that partition 
DDT between solvent and cuticle and the rate 
movement DDT the solvent are important 
influences the amount DDT actually reach- 
ing the sites action. seems reasonable 
suppose that DDT moves within the vaseline 
more slowly than TEG solution, and moves less 
readily from vaseline into the cuticle than from 
TEG. This effect provides another means 
controlling the dosage and time exposure 
experiments where DDT used mark periph- 
eral sense organs. 

Influence concentrarion DDT.—The 
amount DDT entering the organism depends 
the concentration applied well the 
naiure the solvent and time exposure. 
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order determine whether the time onset 
and spread DDT symptoms show some 
simple relation the amount DDT applied, 
additional series was run with varied concen- 
trations DDT TEG. concentrations 
between 0.01% and 0.1% DDT were applied 
the tarsus, using the method described above. 
Ten flies were treated with each concentration, 
and the time before onset DDT symptoms 
each group was recorded. 

The results are shown graphically Figure 
The points plotted represent averages the 
response times the first two flies developing 
tremors each concentration. This index was 
chosen rather than some average all flies 
group because some individuals almost every 
test population proved refractory; data from 
moribund, injured relatively DDT-resistant 
individuals would influence unduly mean 


UNTREATED 
TREATED 


1.0 
DDT CONCENTRATION (MG/ML) 


Fic. Time onset DDT symptoms treated 
and non-treated legs function concentration 
DDT. 


median values, rendering these meaningless for 
logical assays (Bliss and Cattell, 1943) response 
here related the logarithm DDT concen- 
tration. With this ordinate, plots response 
time and log response time give almost equally 
good approximations linearity through the 
range tested. The former plotted Figure 
emphasize the time lag spread symptoms 
(tremors). This amounts about minutes. 


DISCUSSION 


The results both support the feasibility using 
DDT marker for peripheral sense organs, 
and the same time demonstrate that internal 
movement physiologically active DDT occurs. 
Strictly local effects are produced relatively 
low concentrations DDT solvent that 
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does not spread rapidly the cuticle. Such 
treatment has proved especially useful asso- 
ciating efferent nerve impulses 
peripheral points origin. For example, when 
single fiber impulses from the labellar chemore- 
ceptors flies were recorded, was possible 
unstabilizing single hairs with local DDT appli- 
cations determine which hair had been re- 
sponding chemical treatment. study 
mechanoreceptors the maxillary palps 
cockroaches movement various tactile hairs 
produced nerve impulses differing spike am- 
plitudes. These were constant voltage for 
particular receptors any given preparation. 
Local application 0.1% DDT TEG the 
base individual receptor hair produced 
trains nerve impulses the same amplitude 
those normally resulting from bending the 
hair. Higher concentrations DDT spread 
through the palp and unstablized all the receptors 
from which impulses could recorded. These 
observations, like those Roeder and Weiant 
(1948) which DDT trains the cockroach 
leg were stopped excision the canrpaniform 
organs, support their hypothesis that the periph- 
eral sense organs are the structures most sensitive 
either internally transported 
applied DDT. 

Local applications DDT have been used 
also determine which pair electrodes 
was picking monophasic action potentials. 
This question, usually resolved other methods, 
arises from the fact that the potential 
difference between two electrodes that observed 
electrophysiological investigations. trace 
DDT the vicinity one electrode will change 
the pattern electrical variations picked 
that electrode trains potential changes. 
This permits discrimination between 
formation obtained from the two electrodes. 

Differences the toxicity DDT applied 
various areas the body are well established. 
attempt was made extend the present 
work include observations mortality 
treated insects. Incidental such work there 
have been reports (cited Lauger, Martin and 
1945) that symptoms localized DDT 
poisoning appear non-treated legs poisoned 
flies stereotyped order, suggesting movement 
the chemical along certain nerve fibers. This 
effect was not observed the present studies; 
physiologically active DDT appears move 
fairly randomly inside Sarcophaga and affects all 
non-treated legs about the same time. 

possibility that might find 
some general application emerges 
findings. attempts relate behavioral pat- 
terns the physiology and activity particular 
components the nervous system fre- 
quently desirable define the role very 
restricted group sense organs. Ablation 


use local anesthesia are well known methods 
for doing this. The apparent selective action 
DDT variety peripheral sense organs 
suggests that DDT might useful the op- 
posite experimental approach making the 
sense organ hyperactive. Properly controlled, 
this could logical counterpart experi- 
mental methods which decrease eliminate 
sensory impulses. 


SUMMARY 


The internal movement physiologically 
active DDT was studied the Sarco- 
phaga bullata Parker, using both behavioral and 
electrophysiological methods. Such information 
necessary when DDT used physiological 
marker for peripheral sense organs. 

Strictly local effects can produced 
application DDT triethylene glycol 
the tips chemosensory hairs the labellum, 
and 0.01% DDT applied the tarsi. DDT 
can used this way localize the peripheral 
sense organs that produce electrically detectable 
nerve impulses. 

transported generally throughout the body, and 
act first upon peripheral sense organs the 
areas reaches most directly. 

suggested that inducing hyperactivity 
particular sense organs local application 
DDT may useful technique defining their 
role the total behavioral pattern the in- 
sect. This procedure, when applicable, would 
logical counterpart methods involving 
ablation local anesthesia, techniques which 
reduce eliminate the afferent flow nerve 
impulses. 
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FEEDING ACTIVITIES SOME BLOOD-SUCKING DIPTERA WITH 
REFERENCE VERTICAL DISTRIBUTION BOTTOMLAND FOREST 


SNOW, Biology Section, Malaria Control Branch, Division Health and Safety, Tennessee Valley Authority, 
Wilson Dam, Alabama 


INTRODUCTION 


While general information has been available 
the feeding habits blood-sucking Diptera 
the United States, scant literature exists the 
vertical distribution and 24-hour activity cycles 
such insects. The vertical distribution 
biting insects general has been studied 
several trapping methods including light traps 
towers (MacCreary, 1941), sticky traps 
poles (Kettle, 1951), mechanical traps aircraft 
(Glick, 1939), balloon net traps (Nielsen and 
Greve, 1950), and animals forest canopy 
(Davis, 1944; Haddow and Dick, 
gations canopy inhabiting mosquitoes 
Africa (Haddow, 1945a, 1945b; Haddow al., 
1947; Haddow and Mahaffy, 1949; Garnham 
al., 1946), South America (Kumm 1946; 
Kumm and Cerquiera, 1951; Galindo al., 1950, 
1951), and North America (Gjullin 1950) 
have involved the use exposed human baits 
various canopy levels. this method vertical 
flights biting insects well their frequency 
human hosts are observable. The present 
work employing the human bait method con- 
cerned with observations the vertical distribu- 
tion and 24-hour feeding activity blood-sucking 
Diptera bottomland forest Reelfoot Lake, 
Tennessee, during the 1952 growing season. 

The author wishes express his sincere ap- 
preciation Dr. Smith, Chief Biologist, 
and Dr. Hall, Staff Botanist, Division 
Health and Safety, under whose direction these 
investigations were carried out, for their con- 
tinued support and guidance. The tireless as- 
sistance Mr. Eugene Pickard, Entomologist, 
connection with the field collections grate- 
fully acknowledged. Special thanks are due Dr. 
Baker, Director the Reelfoot Lake 
Biological Station, and the Tennessee Academy 
Science for making available the facilities 
the Biological Station during the course the 
investigation. Valuable assistance with the de- 
termination biting Diptera was rendered 
Dr. Willis Wirth and Dr. Alan Stone, Bureau 
Entomology and Plant Quarantine, Depart- 
ment Agriculture, Washington, 


EQUIPMENT AND PROCEDURE 


Ascent the 75-foot level was made use 
block and tackle with automotive manual 
power. this means ascent descent could 
used attain the 30-foot elevation. Both the 
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ladders and and tackle were placed far 
from the main trunk practicable not 
disturb resting mosquitoes and punkies. 

general, collections were made simultane- 
ously single individuals ground and 30-foot 
levels the forest proper and ground and 
75-foot levels the forest edge. June, 
however, three collectors were available and col- 
lections were made simultaneously ground, 
30-foot, and 50-foot levels the forest proper 
and ground, 30-foot, and 75-foot levels 
the forest edge station. Collectors alternated 
personal attraction. only two workers were 
regularly available for this study, collections were 
limited about one hour every 4-hour period 
for five six consecutive 24-hour days the 
early middle and late phases the growing 
season. 

The following collection periods over 24-hour 
cycle day and night diel (Carpenter, 1935) 
were employed they offered the most constant 
for stable climatic conditions and season- 
ably changeable phenomena the time 
sunrise and sunset. All hours recorded are 
Central Standard Time. 


I—0400-0800 hrs. Temperature relatively low; 
relative humidity high; oc- 
currence dawn. 
Temperature rising; relative 
humidity declining. 
Temperature maximum; 
relative humidity reaches 
minimum and begins rise. 
Temperature falling; rela- 
tive humidity high; occur- 
rence nightfall. 
Temperature low; relative 
humidity very high. 
Temperature minimum; 
relative humidity maxi- 
mum. 


Period 


Period hrs. 


Period hrs. 
Period hrs. 


Period V—2000-2 hrs. 


Period hrs. 


order facilitate capture biting insects, 
especially during the dark hours, the surface 
the body available for feeding was restricted 
clothing cheesecloth areas readily accessible 
the collector while sitting position. These 
exposed areas included the hands, forearms, and 
head from the face the ears. The general 
occurrence near freezing temperatures during 
October was also considered limiting the 
amount exposed surface. 

The study area, located the Mississippi 
River floodplain near the upper Blue Basin 
Reelfoot Lake bordering Bayou Chien near 
Walnut Log Lodge, was comprised largely 
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1955 Snow: 
cypress, Taxodium distichum (L.), and mixed 
hardwoods including eastern cottonwood, Populus 
deltoides Bart., sycamore, Platanus occidentalis 
box elder, Acer negundo L., silver maple, Acer 
saccharinum L., and sweet gum, 
styraciflua the cypress swamp for- 
est graded into black willow-buttonball zone and 
then very dense marginal band giant cutgrass, 
Zizaniopsis miliacea (Michx.). Dense canopy 
and persistent high water mainly during the first 
half the growing season have largely dis- 
couraged herb layer the forest floor except 
for water tolerant species, such lizard tail, 
Saururus cernuus L., sparsely canopied areas 
near the lake margin. Cutting timber and 


Elevation 


100 


Willow 


Lotus Sawgrass Buttonball 


cultivation the land parts the forest 
landward the Bayou Chien have created 
forest edge zone grading into grassland (pasture). 

The forest populated number verte- 
brates which serve the most probable source 
blood meals for biting Diptera. situated 
major flyway for migratory birds 
tercepts the general passerine migrants for mid- 
continental North America well 
numbers waterfowl, particularly ducks and 
geese. addition the forest harbors number 
resident swampland and upland birds. Migrant 
warblers and grackles were particularly noted 
congregating the tree tops. 
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Principal mammals the cypress forest are 
mink, Mustela vison Scher., oppossum, 
virginiana Kerr, raccoon, Procyon lotor (L.), 
squirrel, Glaucomys volans (L.), and musk- 
rat, Ondatra (L.). The flying squirrels 
were far the most active mammals en- 
countered the tree tops night during the 
entire study. Fox squirrels, Sciurus niger L., 
were seen occasionally trees the forest edge. 

The amphibian population the cypress forest 
includes the cricket frog, Acris crepitans Baird, 
swamp tree frog, Pseudacris nigrita triseriata 
bird-voiced tree frog, 


Viosca, green tree frog, Hyla cinerea cinerea 
toad, 


(Schn.), versicolor 


} 


Forest 


Bayou Edge 
ress 
Station 


Chien 


Vegetational profile showing relative position collecting stations. 


versicolor (LeC.), bullfrog, Rana Shaw, 
green frog, Rana clamitans Latr., and leopard 
frog, Rana pipiens Schr. The 
lizard, Eumeces fasciatus (L.), common resi- 
dent the forest (Parker, 1937). 

order observe the. feeding activity 
biting Diptera primarily inhabiting forest and 
those marginal grassland situations, two 
sampling stations were selected: (1) forest proper, 
and (2) forest edge (fig. 1). The forest proper 
station consisted three ‘levels, i.e., ground, 
30-foot, and 50-foot sampling points large 
(70’ tall, d.b.h. 16”) box elder tree whose canopy 
extended into the basal portion the general 
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forest canopy composed cypress, poplar, sweet 
gum, and maple (fig. herb 
shrub layer was present the shaded area 
the base the tree although heavy growth 
poison ivy occurred the trunks nearby 
cypress. the first series collections (April 
4), the forest floor was covered with 
floodwater about inches deep, but the suc- 
ceeding collections the ground was free water. 
All sampling points were well shaded ranging 
light intensity from C., but, during 
short periods early morning afternoon, 
light intensity occasionally reached maximum 
200 The forest edge station also in- 
cluded three sampling levels, i.e., ground, 30-foot, 
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CLIMATOLOGICAL DATA 

Precipitation and temperature data for the 
period study 1952 were derived from records 
the Weather Bureau station the 
Samburg Wildlife Refuge (290’ elev.) approxi- 
mately miles south the forest study area 
the east side Reelfoot Lake. Daily maxi- 
mum and minimum temperatures for the observa- 
tion periods have been compiled from records 
taken the Reelfoot Lake Biological Station 
study area. The recorder was situated 
shade, ft. above the ground. Relative hu- 
midity measurements were made during field 
observations the study area during June, 
August, and October, 1952 means Friez 


and 75-foot sampling points large (95’ tall, 
d.b.h. 32”) open-crowned pecan tree the east 
edge the bottomland forest adjacent pas- 
tured and tilled bottomland (fig. 3). Short grass 
was present the ground level. Light intensities 
the forest edge station ranged from 200 
500 during the middle the day. this 
station was situated the east edge the forest, 
was exposed rather intense light fairly 
early the morning. the other hand, 
became shaded sooner the afternoon than the 
forest station the shadows lengthened the 
east side the forest. 


Forest proper station ground level, Reelfoot Lake, Tennessee, August 28, 1952. 


hygrothermograph (Ser. 1667). Saturation defi- 
cits were derived from the 
measurements. Foot-candle readings were also 
made during the collecting periods means 
Weston photometer (Model 614). 

Temperatures were near the long-time average 
during the summer with the exception June 
which was extremely hot, the average for the 
month being 84.6° 7.1° above the 25-year 
average. The average maximum temperature 
during the collection period June 15-20 was 


hand, October was abnormally cold, the average 
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temperature 53.1° being degrees below the 
25-year average. low pressure system, arising 
Georgia, crossed Tennessee the 10th causing 
the only warm period during the 
average maximum temperature 69.0° and 
average minimum temperature 41.6° pre- 
vailed during the collection periods with low 
31° for October 16. 

The months April through July, 1952 were 
the driest any April-July period years 
record Tennessee. Reelfoot Lake total 
precipitation for the April-July period was 10.86 
inches with 27-year mean 16.56 inches. 
Precipitation Reelfoot Lake from April through 
October amounted 16.38 inches. The 27-year 


biting collections (tables and II). Most 
frequent the mosquitoes were Culex erraticus 
(D. K.) and Mansonia perturbans (Walk.). 
The punkie, Culicoides paraensis (Geoldi), com- 
monly found South America, was found 
one the most frequently collected punkies 
forest canopy. Two species deerflies, Chrysops 
brunnea Hine and flavida reicherti Fairch., 
while not abundant, were most active the late 
afternoon especially the forest proper 
ground level. They showed inclination 
feed the forest canopy has been recently 
reported for tabanids other countries (Haddow 
al., 1950; Fairchild, 1953). single specimen 
Phlebotomus shannoni Dyar was taken biting 


Fic. Forest edge collecting station, Reelfoot Lake, Tennessee, August 28, 1952. 


mean for this period 27.19 inches. Scant rain- 
fall persisted from August through October 
Reelfoot causing extremely low 
Native residents the Walnut Log area claimed 
lake levels were about the lowest they had ever 
seen. 


RESULTS COLLECTIONS 


During the 1952 season, species mosqui- 
toes, species Culicoides (Heleidae), species 
Chrysops (Tabanidae), and one species 
Phlebotomus (Psychodidae) were taken the 


was taken biting about the head forest 
canopy shortly after midnight. Arboreal habits 
several Indian and South American species 
have also been reported (Anderson, 1939; Fair- 
child and Hertig, 1951). 


OBSERVATIONS SEASONAL OCCURRENCE 
Spring Period 29-May 
The period was generally characterized 


temperatures the upper 80’s during midday 
and temperatures the upper 50’s from 
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midnight dawn. Warm air currents above 
feet were detected the forest edge station 
May the 2200-2300 hour interval causing 
temperatures remain the low 70’s through- 
the night. Ground temperatures which had 
dropped 66° the early evening steadily 
rose during the latter part the night 72° 
daybreak. Feeding Culicoides during this 
period was continuous ground level but 
may have been discouraged the canopy 
excessive air movement. Temperatures during 
midday were much five degrees warmer 
the forest edge station than the forest proper. 

Light intensities were very high due un- 
developed canopy foliage. This was especially 
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true the forest edge station where the pecan 
tree which normally foliates slowly was only 
about half developed the crown. forest 


edge 500-600 were recorded the 0900-1000 


hour interval with 300-400 persisting until 
after 1500 hours. Maximum intensity the 
forest proper reached 220 the 0800-0900 
hour interval and 200 during midday. 

herb layer was visible the forest proper 
the spring period, about inches floodwater 
being present over the majority the forest 
floor. Grass was present average height 
about inches the forest-grassland ecotone. 
the diel, crepuscular volant peaks were 
detected between 1845 and 1859 hours with foot- 


TABLE 


SEASONAL OCCURRENCE GROUND AND CANOPY LEVELS BOTTOMLAND REELFOOT LAKE, 
TENNESSEE, 1952 


Forest Proper 


Total Man-Hours: 19.5 18.5 16.5 67.5 
Level: Gr. Gr. 30' Gr. 30' Gr. 30' Gr. 
Anopheles punctipennis............ 0.4 0.1 0.1 0.1 
Culex 0.1 0.1 
Psorophora varipes........ 0.1 0.2 0.3 0.4 
Forest Edge 
Total Man-Hours: 16.5 70.5 
Anopheles 0.1 0.1 0.2 0.7 
Anopheles 0.1 0.1 0.1 1.5 
Aedes vexans....... 3.2 0.4 0.2 4.1 
Psorophora howardit..... 0.3 0.3 


*Based average biting per man-hour. 
central standard time. 
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candle readings less than Auroral peaks oc- 
curred between 0435 and 0440 hours with 
being reached within the 0440-0454 hour in- 
terval. 

Forest the day, females 
Culicoides haematopotus Mall., and spinosus 
were the principal biting Diptera occur- 
ring ground level. Several species including 
Psorophora varipes (Coq.), Culicoides 
(Coq.), haematopotus, paraensis, and es- 
pecially spinosus were diurnally active the 
forest canopy. the dawn and dusk phases 
(eo-crepuscular) the diel (Haddow, 1945a), 
Aedes thibaulti, sticticus, triseriatus (Say), 
Anopheles quadrimaculatus Say, punctipennis 
(Say), Culicoides travisi Vargas, guttipennis, 
and haematopotus were stimulated peak 
feeding ground and 30-foot canopy levels. 
Females Anopheles walkeri Theo. and Culex 
salinarius Coq. were recovered only ground 
level peak feeding periods. Nocturnally active 
species were Anopheles walkeri, quadrimacu- 
latus, punctipennis, Aedes sticticus, vexans 


Feeding Activities Blood-sucking 


(Meig.), and travisi ground level 
and guttipennis and travisi the 30-foot 
canopy level. Although Anopheles crucians Wied. 
was detected nearby light trap sampling 
generally active night, only two specimens 
were taken biting man during the course the 
investigations, both records being dawn 
both levels. 

Forest only species recovered feed- 
ing during the day either ground 75-foot 
canopy levels was Culicoides spinosus. Species 
which maintained sylvan position during the 
day, but which were found undertake crepus- 
cular feeding during late afternoon early even- 
ing hours ground level, were Anopheles puncti- 
pennis, quadrimaculatus, walkeri, Aedes 
thibaulti, sticticus, triseriatus, Culicoides 
and haematopotus. Heavy crepus- 
cular feeding was observed particular for 
primary nocturnal constituent the ecotone, 
Culicoides travisi, which known frequent 
open marsh. Penetration the forest edge 
canopy, least the 75-foot level the twilight 
period, was accomplished 


TABLE 


SEASONAL OCCURRENCE BITING GROUND AND CANOPY LEVELS BOTTOMLAND REELFOOT LAKE 


TENNESSEE, APRIL 


—OCTOBER, 1952 


Forest Proper 


OBSERVATION APRIL JUNE 17-19 AuG. 23-26 13-16 TOTAL 
Total Man-Hours: 19.5 18.5 67.5 
Cultcoides 0.1 0.8 0.4 0.2 1.5 
Culicoides 0.7 1.0 0.3 0.1 0.7 1.8 

Chrysops brunnea........ 0.3 0.1 0.4 
Chrysops flavida reicherti....... 0.1 1.8 


Forest Edge 


Total Man-Hours: 16.5 70.5 
Level: Gr. 75! Gr. 75' Gr. 75' Gr. Gr. 
Culicoides 0.1 0.2 0.3 
Culicoides 0.2 1.4 03] 6.6 
Chrysops flavida 0.1 0.3 0.4 


*Based average biting per man-hour. 
tHours central standard time. 
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Culicoides travisi, haema- 
topotus, and guttipennis. During the night, 
feeding Aedes sticticus, Anopheles walkeri, and 
Culicoides travisi was detected ground level, 
while Culicoides guttipennis, haematopotus, and 
travisi were found the canopy. the 
twilight period when certain nocturnally active 
species (Anopheles quadrimaculatus, Aedes 
cus, Culicoides travisi, and 
haematopotus) were first stimulated declining 
light intensity feed ground level before 
movement into the canopy, dawn these 
same species were stimulated first the upper 
canopy second feeding peak the 
diel before descent the ground level. With 
the penetration the sunrays the ground 
level the forest margin, diurnal resting sites 
were sought primarily the forest proper 
these retreating insects. 


Early Summer Period (June 14-19) 


pointed out the climatological data, 
June was exceptionally warm, the average maxi- 
mum temperature recorded the Samburg 
Wildlife Refuge several miles below our forest 
study area being 101.7° with high 104° 
during the field observation period. While 
average maximum temperatures were lower 
the cypress forest (88.7° forest proper and 
94.5° forest edge), they proved higher 
than any our records taken the summers 
1951 and 1952. Average minimum temperature 
for the forest proper was 67.0° and for forest 
edge, 74.0° 

addition being hot, conditions were 
exceptionally dry with only 0.07 rain 
being recorded Reelfoot Lake June. The 
normal rainfall for June 4.16 inches based 
years record. Relative humidity during the 
period observation was quite low with average 
minimum readings the day showing 38.4% 
and absolute minimum 32% 
maximum humidity night was the 
absolute maximum being 86%. During the 
day relative humidity was about 10% higher, 
and the temperature was about degrees lower 
the forest proper than forest The 
average maximum saturation deficit was 23.6 mm. 
with absolute maximum 28.7 mm. 95° 
The average minimum saturation deficit was 
3.6 mm. 

With full foliage the canopy, light intensities 
June were considerably lower ground level 
than April and early May when foliage -was 
not fully developed. the lower forest, in- 
tensity was reached 0700 hours. 
Intensities during the day ranged between 
and C., the upper limit occurring mid- 
afternoon. forest edge 150 were re- 
corded the 0600-0700 hour interval with 
highest intensities from the mid- 
day hours. 

Volant peaks the crepuscular phase the 


diel were initiated between 1940 and 1945 hours. 
Light intensities had declined 1915 
hours the lower forest and 1931 forest 
edge. Daybreak occurred between 
hours with auroral canopy peaks following within 
minutes forest edge and within minutes 
the forest proper. Feeding nocturnally 
active species generally ceased ground level 
0530 hours (50-100 C.) but continued 
ground level the forest until hours 

the early summer period, 
species active ground level during the day were 
Psorophora ferox (Humb.), varipes, Aedes 
vexans, Anopheles quadrimaculatus, Culex erraticus, 
Mansonia perturbans, Chrysops brunnea, and 
flavida reicherti. Day the canopy was 
detected only for Culicoides parasensis and 
Fox Hoffman. Canopy feeding 
eo-crepuscular phases was observed for 
and haematopotus. Nocturnal ac- 
tivity Mansonia perturbans, Culex erraticus, 
and Anopheles quadrimaculatus was recorded 
both ground and canopy levels. Females 
Aedes vexans and Anopheles walkeri were found 
feeding after dark only ground level. Move- 
ment into the canopy dusk and descent 
the ground level after dawn were observed for 
perturbans, erraticus, and quadrimaculatus. 
Forest active species ground 
level did not occur until late afternoon and then 
only few individuals Culicoides paraensis 
and Chrysops brunnea were taken. the 
forest canopy paraensis and 
were active through the daylight hours. 
dusk approached, nocturnally active species hav- 
ing eo-crepuscular peaks such 
latus, perturbans, and erraticus invaded 
the forest edge station from the forest proper, 
some rising into the canopy with declining light. 
During the night, perturbans showed con- 
tinual feeding activity both ground and 75- 
quadrimaculatus, and erraticus 
nounced ground level and canopy levels for 
least hour after daybreak. Feeding declined 
the sunrays reached the collecting 
Canopy feeding these species frequently 
persisted the basal area the tree crown even 
after had ceased ground level. These 
species generally returned resting sites the 
marginal forest and sawgrass areas during the 
day. Several species with eo-crepuscular peaks, 
Aedes triseriatus, Culicoides crepuscularis Mall., 
and haematopotus, were found 
active only the canopy levels forest 
edge. 


Late Summer Period (August 20-26) 


Temperatures were warm during the day and 
fairly cool night. Average maximum tempera- 
tures were the forest and 86.3° 
forest edge. Average minimum temperatures 
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the forest proper were and the 
forest edge 70.7° Cooler minimum tempera- 
tures shown for the forest proper were due 
general drop temperature during the August 
23-26 portion the period when forest collections 
were made and are not interpreted 
simultaneous differences between forest and forest 
edge temperature conditions. general rule, 
temperatures just prior dawn were the same 
the forest and forest edge, but. during mid- 
day, temperatures were several degrees cooler 
the forest proper than forest edge even 
though ample shade existed the forest margin 
station. Warm breezes from the grassland and 
greater exposure the sun both contributed 
the higher daily temperature the ecotone. 

Relative humidity showed 
crease over June with average maximum read- 
ings 91.2% and average minimum conditions 
54.7%. Average maximum saturation deficit 
was 11.3 mm. with absolute maximum 
16.4 mm. Average minimum satura- 
tion deficit was for the month, 
however, was still only two-thirds normal and 
excessive drought conditions during spring and 
summer resulted record low lake levels 
August. Much the sawgrass the upper 
Blue Basin was dewatered and resulted smaller 
populations perturbans. Shallow lake 
areas became pooled with the recession and pro- 
duced unusually large numbers Culex erraticus. 
Even hardened fishermen along Bayou Chien, 
who have long held their own against Mansonia 
were heard complain about the black 

Light intensity forest edge reached 100 
the ground level and 150 75-foot level 
0700 hours; however, the lower forest, 
canopy only During midday, readings 
the ecotone ranged from C., the 
lower forest from C., and the forest 
the crepuscular period, decline the 
forest was reached ground level 1830 hours, 
feet 1840 hours, and the forest edge 
feet 1850 hours. 

Crepuscular volant peaks the diel were ob- 
served between 1855 and 1900 hours following 
Daybreak appeared from 0410-0415 and auroral 
canopy peaks were initiated the 0417-0425 
hour interval. forest edge canopy feeding 
was maintained nocturnally active species 
for nearly hour after daybreak, and ground 
level feeding persisted for least two hours 
after daybreak, being largely maintained 
mosquitoes descending from the canopy. the 
forest proper canopy feeding 
species persisted two hours after daybreak 
and continued sporadically through the day 
ground level. 

Forest Proper.—Day feeding ground level 


Feeding Activities Blood-sucking Diptera 
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was recorded consistently for Anopheles quadrima- 
culatus, Culex erraticus. 
Psorophora ferox, varipes, and occasionally for 
Aedes triseriatus, vexans, Chrysops brunnea, 
flavida reicherti, Culicoides paraensis, and 
borinqueni. active the 30-foot 
canopy level were Culicoides paraensis, haemato- 
potus, borinqueni, Psorophora ferox, and 
varipes. should noted that the activity 
ferox, varipes, and borinqueni was most 
pronounced during late afternoon hours and 
frequently lasted until dark. 
peak activity was detected ground and canopy 
erraticus, triseriatus, and perturbans. How- 
ever, Aedes (Coq.) was taken only 
ground level and Culicoides and 
only the canopy dusk. During 
the night perturbans, erraticus, and 
triseriatus were active ground level while 
perturbans, erraticus, guttipennis, and 
haematopotus were collected feeding man 
the 30-foot Species observed 
invade canopy levels dusk and retreat 
ground level following dawn were perturbans, 
erraticus, and quadrimaculatus. 
Forest Edge 


During the late morning hours Culicoides 
paraensis and borinqueni were observed feeding 
ground level. afternoon Culex erraticus, 
Aedes vexans, and triseriatus were taken 
feeding. Just prior dusk Chrysops flavida 
reicherti and brunnea were stimulated peak 
activity. the forest canopy paraensis and 
borinqueni were active throughout the day. 
Just twilight one specimen Psorophora 
varipes was collected feeding the 75-foot level. 
While both ferox and varipes were con- 
sidered mainly sylvan species, they were occa- 
sionally found venture into the ecotone during 
late afternoon hours. Species which character- 
istically migrated dusk from diurnal resting 
positions marginal forest the ecotone and 
surrounding pasture for blood meals were Culex 
salinarius, erraticus, perturbans, quadri- 
maculatus, walkeri, and punctipennis. 
Those rising into forest edge canopy dusk were 
quadrimaculatus, perturbans, salinarius, 
and erraticus. Canopy level feeding was also 
detected eo-crepuscular periods for haema- 
topotus and triseriatus. During the night 
perturbans, erraticus, and salinarius were 
the most active species ground level, while 
vexans, Psorophora and gutti- 
pennis were occasionally captured. The prin- 
cipal nocturnal species recorded the 75-foot 
level were perturbans and salinarius, while 
triseriatus and erraticus were occasional. 
One female Phlebotomus shannoni was also 
captured canopy just before 
tense feeding activity was experienced ground 
level for about two hours after daybreak, the 
feeding members, perturbans, erraticus, 
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and representing populations 
descending from forest canopy and those return- 
ing marginal forest presumably from 
nearby pasture. 


Fall Period (October 


Average maximum temperatures the fall 
period were 68.0° the forest and 69.0° 
forest edge with absolute 
tures the mid-70’s. Average minimum temper- 
atures were 43.3° forest proper and 47.3° 
forest edge. Twice early morning temperatures 
went below 40° F.—on October 38° and 
October 31° Temperature differences 
between ground and canopy were 
nounced midafternoon with canopy tempera- 
tures running 3-4 degrees higher. Decline was 
sharp the early evening and midnight 
temperatures ground and the canopy 
both forest and forest edge had equalized and 
generally remained until after sunrise. Rain- 
fall was scant, about one-third the normal amount 
being registered. Relative humidity during the 
collecting period was very low with average 
minimum 31.5% and absolute minimum 
25% October and 16. Average maximum 
humidities were 82.2% the same the average 
maximum relative humidity for the dry June 
period. The average maximum saturation deficit 
was 12.8 mm. with absolute maximum 

Forest the fall, Aedes triseriatus was 
the most frequently encountered species collected 
during the day ground level, although Ano- 
pheles quadrimaculatus, Culex erraticus, Aedes 
vexans, and Culicoides paraensis 
sented. general, the mosquitoes appeared 
lack their usual persistence during cool afternoon 
hours and would often fly off after making 
single pass the collector. the forest canopy, 
paraensis and borinqueni were the dominant 
diurnal species; however, haematopotus and 
were Ground level 
feeding peaks dusk and dawn were recorded for 
quadrimaculatus, punctipennis, pertur- 
bans, triseriatus, and vexans. Small 
numbers Culex erraticus were also taken 
nightfall. Canopy feeding the eo-crepuscular 
periods was observed particular for haema- 
topotus and triseriatus, and lesser extent 
for perturbans and guttipennis. feeding 
activity during the night was detected either 
ground canopy levels the forest proper; 
however, mosquitoes were heard hover about 
the head momentarily and were seen flashlight. 

While well established that 
sapphirina (Osten-Sacken) does not take human 
blood, small numbers this species were noted 
approach and rest the arms the collector 
during the afternoon hours ground level. 
was thought response body heat 
odor. This behavior was also noted October 
1951 the same location. 


Forest level feeding forest 
edge vexans and was ob- 
served during the moderately warm afternoon 
hours. Diurnal canopy feeding was detected for 
Low temperatures apparently re- 
stricted nocturnally active species peak feed- 
ing nightfall. Small numbers haema- 
walkeri, perturbans, and vexans were col- 
lected feeding ground level during short 
period the early evening hours. the forest 
edge canopy Culicoides haematopotus 
pecially active dusk, while few guttipennis, 
and perturbans were also 
captured. Females were ob- 
served resting bark and canvas bag 
the 75-foot elevation after dark, but made at- 
tempt feed. dawn feeding activity was re- 
corded the 75-foot canopy elevation although 
one female haematopotus hovered about the face 
the collector. Ground level observations 
dawn showed several females 
latus actively flying about the collector, but 
only one instance was feeding attempted. 


SUMMARY 


Field observations biting Diptera 
cypress-hardwood forest Reelfoot Lake, Ten- 
nessee, during short periods the spring, summer, 
and fall 1952 showed the numbers 
species present: mosquitoes, 16; punkies, 
deerflies, and sandfly, 

Marked change light intensity dusk and 
dawn was considered the activating and 
deactivating influence for the nocturnal and 
diurnal populations observed. Characteristic di- 
urnal species, Chrysops brunnea, flavida 
reicherti, Psorophora ferox, varipes, 
thibaulti, Culicoides paraensis, spinosus, and 
borinqueni, were most active the afternoon 
hours and frequently fed into the twilight period. 
The majority species collected were regarded 
nocturnal though their peak activity occurred 
the eo-crepuscular phases the diel. 
most prominent the nocturnal species were 
Mansonia perturbans, Culex erraticus, Anopheles 
and Culicoides travisi, while oc- 
casional species were Anopheles walkeri, Aedes 
sticticus, vexans, Culex salinarius, 
Psorophora Culicoides crepuscularis, 
and haematopotus. 

measured feeding activity, the following 
showed general preference for shrub and herb 
layer situations rather than penetrating tree 
canopy levels: Anopheles quadrimaculatus, 
walkeri, Aedes sticticus, thibaulti, vexans, 
Culex erraticus, Psorophora ferox, varipes, 
Culicoides travisi, Chrysops brunnea, and flavida 
reicherti. Several nocturnally species, 
Mansonia perturbans and Culex salinarius, were 
taken about equal numbers upper and 
lower forest levels. Distinct canopy preference 
was shown Aedes triseriatus, Culicoides gutti- 
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and Trichopsidae clausa, Nemestrinid Parasites 
Structure the Integument 
the Maxillary palpi the Cockroach, Peri- 
Roppy, Morphological Study 
the Respiratory Horns Associated with the Puparia 
Some Diptera, Especialiy Ophyraanescens (Wied.) 
ROSENBERGER, H., see OWEN SMITH (July)..... 232 


CHARLES W., AND EDWARD StRYJAK— 
Gross Study the Nervous System the Large 
Milkweed Bug, Oncopeltus fasciatus (Dallas) (July) 219 


BERTRAM, sce ALBERT PERRY (Sept.)... 329 
position Fly Populations Several Types 
Problem Sites Urban Areas (July)............. 251 
Studies Urban Fly Populations Arizona, Kan- 


sas, Michigan, New York, and West Virginia 

SEWELL, T.—The Histology and Histochemistry 

the Cuticle Spider, Tegenaria domestica 

SIBATANI, ATUHIRO, see OKAGAKI (Nov.).... 
GEDDEs see JEAN ADAMS........... 313 


Various Production Media Muscoid Flies 
Metropolitan Area. 

Adaptability Different Flies for Infestation 

rious Production Media Muscoid Flies Met- 
ropolitan Area. 

II. Seasonal Influence Degree and Extent 

Various Production Media Muscoid Flies 
Metropolitan Area. 

Fly Production Relation City Block 


BERGER—Laboratory Studies Pelecystoma har- 
risinae (Ashmead), Adventive Braconid Para- 
site the Western Grape Leaf Skeletonizer (July). 232 

WILLIAM W.—Biological Studies Obligate 
Mite Ectoparasites the House Mouse, with 
key for the Identification and 


SMITH, OWEN J., 


Adult Stages (Acarina: Myobiidae and Listro- 
THOMAS, JR., see EDWARD HopGson (Nov.) 507 
E.—Feeding Activities Some Blood- 
Sucking Diptera with Reference Vertical Dis- 
tribution Bottomland Forest (Nov.).......... 512 
SNYDER, FRED M.—Notes and Descriptions Mus- 
cina and (Diptera: Muscidae) 
Morphometric Analysis DDT-Resistant and 
Non-Resistant House Fly Strains (Nov.)......... 499 
STANNARD, J., JR.—The Species and Subspecies 
North American Allothrips (Thysanoptera: 
Temperature, and Food the Movement the 
Sugar-Beet Wireworm (July).................... 308 
STRIDE, GEORGE O.—On the Respiration 
Aquatic African Beetle, Potamodytes tuberosus 


STRYJAK, EDWARD R., see CHARLES 

RoBERT L., see DANIEL (Sept.). 415 
TRAPIDO, HAROLD, see PEDRO GALINDO (May)....... 158 
TREAT, ASHER E.—The response Sound Certain 


WALLACE, HERBERT S.—Revision the Genus eolo- 
plides (Orthoptera: Acrididae) (Nov.) 
WEIANT, A.—Electrophysiological and 
Behavioral Studies DDT-Sensitive and DDT- 
Resistant House Flies (Nov.).................... 489 
WELLINGTON, G.—Solar Heat and Plane Polarized 
Light Versus the Light Compass Reaction the 
Orientation Insects the Ground 
WHEELER, GEORGE C., AND JEANETTE 
Ant Larvae the Myrmicine Tribe Leptothoracini 


WHEELER, JEANETTE, see GEORGE WHEELER 


RoGER W.—Studies the Culicoides 
‘Baker County, Georgia (Diptera: Heleidae). 
Preliminary Survey and Observations 


WOKE, A.—Deferred Oviposition Aedes 
aegypti (Linnaeus) (Diptera: Culicidae) 
Delicate and Infected Arthropods (Nov.)......... 485 
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1955 Snow: Feeding Activities Blood-sucking Diptera 


pennis, haematopotus, paraensis, spinosus, 
borinqueni, and shannoni. 

Within the forest proper two general vertical 
diel movements have been observed: 


(1) diurnal movement upward along the main tree 
trunks was made Culicoides paraensis, 
spinosus and borinqueni with horizontal spread- 
ing the upper canopy area. 

(2) dusk movement upward into shrub and tree- 
canopy strata was observed particularly for Man- 
sonia perturbans and small degree for Culex 
erraticus, salinarius, Anopheles quadrimaculatus, 
and Culicoides travisi light intensity progres- 
sively decreased below (Weston) 
toward the top the canopy. dawn, those 
mosquitoes present the canopy began descend 
light intensity increased beyond C., ul- 
timately returning the cover protected situa- 
tions near ground level. These vertical move- 
ments are accompanied horizontal spreading 
strata. 


There also major horizontal movement 
from the marsh and swamp forest nearby 
grassland dusk nocturnally active 
walkeri, Culex erraticus, and 
Mansonia perturbans. From daybreak sunrise 
fair numbers these species move from grass- 
land sheltered sites the swamp forest, though 
considerable shift occurs several hours thereafter 
until suitable resting site found. 

the spring, Anopheles walkeri, Aedes sticticus, 
thibaulti, and Culicoides travisi were the prin- 
cipal species biting near ground level. the 
canopy Culicoides spinosus was active during the 
day, while haematoptus, and 


travisi were active night. early summer, 


Aedes vexans, Culex erraticus, and Mansonia per- 
turbans were the main species active night, 
with perturbans predominating the forest 
canopy. During the day, Chrysops brunnea and 
flavida reicherti were found near the ground, 
while Culicoides parensis and borinqueni were 
active the forest canopy. Observations 
August revealed Mansonia perturbans, Aedes 
triseriatus, Culex salinarius, and Phlebotomus 
shannoni were feeding forest canopy night, 
while Anopheles quadrimaculatus and Culex errati- 
cus preferred feed near ground. Diurnal 
feeding activity was detected for Culicoides para- 
ensis and borinqueni the canopy and for 
Psorophora ferox and varipes primarily near 
ground level. October, small numbers 
Anopheles quadrimaculatus, punctipennis, Aedes 
vexans, Culex erraticus, and Mansonia perturbans 
were taken ground level principally dusk, 
while Aedes Culicoides guttipennis, 
and haematopotus were collected feeding the 
tree canopy. During the day small numbers 
Culicoides paraensis were caught feeding the 
forest canopy. 
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Acanalonia bivittata, 
Acarina, 51, 79, 196, 262, 299 
Acheta assimilis, 223 
Acicephala, 
Acoloithus spp., 232 
Acrididae, 453 
Acrosternum hilare, 
Actina viridis, 
Adelomyrmex, 
Aderocharis corticina, 
Adramini, 426 
Aedes 

albothorax, 215 

aegypti, 39, 215 

aurifer, 

canadensis, 

cinereus, 

circumluteolus, 215 

dupreei, 516 

fitchii, 

lamborni, 215 

leucocelaenus clarki, 159 

leucotaeniatus, 159 

quadrimaculatus, 41, 163 

septemstriatus, 163 

sticticus, 60, 516 

stimulans, 

terrens, 159 

thibaulti, 516 

triseriatus, 60, 516 

trivitattus, 

vexans, 60, 516 
Aedomyia africana, 215 
Aeoloplides, revision of, 453, 459 

californicus, 470 

chenopodii, 466 

elegans, 462 

minor, 473 

rotundipennis, 464 

tenuipennis, 471 

turnbullii bruneri, 

turnbulli turnbulli, 477 
Aeropedellus clavatus, 400, 402 
Agelinidae, 
Ageneotettix deorum, 401 
Aglais antiopa, 223 
Aldrichina grahami, 255 
Aldrovandiella, 240 
Allothrips, 151 

aurea, 155 

megacephala, 152 

nubillicauda, 155 

watsoni acuta, 154 

watsoni 155 

watsoni mexicana, 154 

watsoni watsoni, 155 
Alobates barbata, 
Amaurobiidae, 
Amaurobius atropus, 108 
Amblyseiella setosa, 266 
Amblyseiopsis 

264 

floridanus, 264 

266 
Amblyseius quadripilis, 263 
Ampedus melsheimeri, 
Amphitornis coloradus, 401 
Anasa tristis, 223 
Anergates, 
Anopheles 

constani, 217 

constani tenebrosus, 217 

constani ziemanni, 217 

516 

distinctus, 217 
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All new names are printed 


eiseni, 159 
funestus, 217 
gambiae, 218 
neivai, 159 
pharoensis, 218 
punctipennis, 60, 516 
quadrimaculatus, 60, 516 
rufipes, 218 
seydeli, 218 
walkeri, 60, 516 
Anopheles, hybridizing tests, 229 
freeborni, 229 
maculipennis group, 229 
punctipennis, 229 
Anthribulus rotundatus, 
Antima confusa, 
Aonidiella aurantii, 224 
Apantensis, 276 
Aphis 
acritus, 443 
fabae, 443 
spiraecola, 494 
Aphis, biological separation of, 
gossypii, 442 
sedi, 442 
Apis mellifera 223 


anatomy and histology retrocere- 


bral complex, 315 
Apsychomyrmex myops, 18, 
Aranea, 333 

diadema, 108 
Araneida, 
Archips 

cerasivorana, 

fervidana, 
Arctosa funera, 
Argiope sp., 172 
Argiopidae, 
Ariadna bicolor, 
Arphia pseudonietana, 398, 402 
Arthropoda, hibernation of, 
Arthropods, delicate, aspirator-cage 

for, 485 
Atherigona excisa, 171 
Autographa, 275 


Bactrocera, 426 

Baetis phoebus, 390 

Baetisca obesa, 388 

Bdellonyssus, 

Beauveria bassiana, 494 

Bibio, 

Biston, 440 

Blattidae, 210 

Blattisocius keegani, 272 

Book Notices: Authors: 
Beck, Elden, 498 
Bertrand, Henri, 203 
Brauns, Adolph, 16, 257 
Ferris, Gordon Fioyd, 118 
Gressitt, Linsley, 204 
Hopkins, E., 103 
Lawrence, F., 203 
Metcalf, P., 204 
Needham, James G., 204 
Roback, Selwyn S., 423 
Rothschild, Miriam, 103 
Westfall, Minter J., Jr., 204 
Wigglesworth, B., 
Woodger, H., 104 


Book Notices and Announcements, 


Titles: 

Manual the Dragonflies 
North America (Anisoptera) In- 
cluding the Gieater Antilles and 
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the Provinces the Mexican 
Border, 204 
Atlas the scale insects North 
America, 118 
Biology and Language, 104 
Distributional Studies Parasitic 
Arthropods Utah, Determined 
Actual and Potential Vectors 
Rocky Mountain Spotted Fever 
and Plague, with Notes Vector- 
Host Relationships, 498 
Fleas. Illustrated Catalogue 
the Rothschild Collection Fleas 
(Siphonaptera) the British 
Museum, 103 
General Catalogue the Homop- 
tera, Fasc. Fulgoroidea, Parts 
11, 12, 14, and 16., 204 
Insects Micronesia Introduction, 
204 
Les Insects Aquatique 203 
Puppen Terricoler Dipteren-Larven, 
257 
Terricole Dipteren-Larven, 
The Biology the Cryptic Fauna 
Forests, 203 
The Evolution and Taxonomy the 
Sarcophaginae (Diptera, 
Sarcophagidae), 423 
The George Statz Collection Fos- 
sil Insects, 218 
The Physiology Insect Metamor- 
phosis, 
Brachyacantha ursina var. stellata, 
Brachycercus lacustris, 389 
Braconidae, 415 
Bruchomyia 
argentina, 186 
fusca, 184 
Brumptomyia, 188 
Bufolucilia, 
silvarum, 252 
Buthus, 113 


Caenis simulans, 389 
Caenurgina crassiuscula, 274 
Callantra, 425, 426 
Callibaetis ferrugineus, 390 
Calliphora, 11, 113 

coloradensis, 255 

macellaria, 259 

spp., 259 

vicina, 253 
Callitroga macellaria, 252 
Camnula pellucida, 400, 402 
Campsurus manitobensis, 
Cantharis consors, 223 
Caviella 

australis, 

bresslaui, 
Cavilaelaps, 
Centroptilum fragile, 390 
Cepphis advenaria, 440 
Ceratina metallica, 
Ceratinopsis, 
Chalepoxenus, 
Chelisoches morio, 172 
Chilocorus bivulnerus, 
Chilocorus stigma, ecological studies 

on, 493 
Chilopoda, 
Choristoneura fumiferana, 
Choroterpes basalis, 387 
Chortophaga viridifasciata, 
Chrysomphalus aonidum, 493 
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Chrysomyza demandata, 253 
Chrysops 

brunnea, 515, 517 
flavida reicherti, 515, 517 
Chymomyza amoena, 
Cicindela oregona, 223 
Cicurina ludoviciana, 
Ciniflo fenestralis, 108 
Cladura 

bicornuta, 373 

fuscivena, 372 
machidella, 373 
megacauda, 373 
telephallus, 373 

Cloeon rubropictum, 391 
Clubionidae, 

Coccis 

hesperidum, 224 
pseudomagnoliarum, 224, 494 
Coenus delius, 
Coleoptera, 80, 375, 417 
Collembola, 
Colobstema, 240 
Comopistha cancellata, 
Cordilura, 

aberrans, 

adrogans, 100 

albicoxa, 
angustifrons, 

atrata, 

atripennis, 100 
carbonaria, 

ciliata, 

ciliatipes, 

confusa, 

gagatina, 
intermedia, 100 
latifrons, 92, 307 

loewi, 

luteola, 

masconina, 

ontario, 

passiva, 

pictocornis, 87, 
praeusta, 
proboscidea, 

pubera, 

pudica alberta, 
rufimana, 

setosa, 95, 

umbrosa, 

variabilis, 

varicornis, 

vierecki, 

vittipes, 

Cordilurina, 
Cordylurella nana, 
Coryphista meadi, 280 
Cosmetopus longa, 
Cosmolaelaps tridentalus, 
Cotinus texana, 223 
Crematogaster lineolata, 
Creophilus 

maxillosus, biology of, 375 
vollosus, 379 

Crustulina altera, 
Crymodes devastator, 275 
Cryptocercus punctulatus, 
Ctenicera stigma, 
Ctenucha virginica, 275 
Cucullia asteroides, 275 
Culex 

andersoni, 217 

annulioris, 216 

browni, 159 

bihaicolus, 159 

corniger, 159 
conservator, 159 
corrigani, 159 


Index Volume 


decens, 216 
duttoni, 215, 216 
erethyzonfer, 159 
erraticus, 60, 515, 516 
ethiopicus, 216 
insignis, 216 
mollis, 159 
nigripalpus, 159 
perfuscus, 217 
pinarocampa, 159 
pipiens, 
poicilipes, 216 
quinquefasciatus, 223 
restrictor, 159 
61, 516 
salarinus, 516 
secundus, 159 
simpsoni, 216 
sp., 159, 217 
tigripes, 215 
toroensis, 217 
trifilatus, 217 
univittatus, 216 
urichii, 159 
vexillifer, 159 
virgultus, 159 
zombaensis, 217 
Culicidae, 
Culicoides 
arboricola, 
baueri, 
viguttatus, 
517 
crepuscularis, 30, 517 
guttipennis, 30, 517 
haematopotus, 39, 517 
impunctatus, 
inamolla, 
nanus, 
obsoletus, 
paraensis, 515 
piliferus, 
sp. (debilipalpis group), 
spinosus, 517 
stellifer, 
travisi, 32, 517 
tristriatulus, 
venustus, 
villosipennis, 
Culiseta inornata, 
Cyclosa conica, 
Cymnomyopsis, 
cadaverina, 252 
Cytochrome oxidase activity house 
flies, 329 


Dacini, key tribes and genera 
Dactylochelifer copiosus, 
Dacus 
cucurbitae, 171 
dorsalis, 172 
hamatus, 425 
vespiformis, 425 
xanthodes, 426 
Dacus key subgenera of, 427 
Afrodacus, 427 
Apodacus, 428 
Austrodacus, 428 
Dacus, 428 
Daculus, 428 
Didacus, 428 
Gymnoxacus, 430 
Hemizeugodacus, 430 
Heterodacus, 430 
Leptoxyda, 432 
Lophodacus, 432 
Melanodacus, 432 
Metidacus, 432 
Neodacus, 432 
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Nesodacus, 434 
Notodacus, 434 
Paracallantra, 434 
Paradacus, 434 
Paratridacus, 434 
Parazeugodacus, 436 
Psilodacus, 436 
Strumeta, 436 
Tetradacus, 436 
Zeugodacus, 436 
Dapanus mirus, 
DDT 
detoxification of, relation cyto- 
chrome oxidase activity house 
flies, 329 
effect activity cytochrome 
oxidase, 165 
resistance house flies, 205 
use localize insect sense organs, 
507 
Dendrophaonia 
maguerita, 450 
querceti, 452 
scabra, 451 
setifemur, 452 
Dermacentor variabilis, 178 
Deuteronnomos, 440 
Dicranoptycha 
edashigeana, 371 
hasegawai, 371 
Dicranota 
consors, 372 
neoconsors, 372 
paraconsors, 372 
subconsors, 372 
Dicrostolis, 240 
Dictyna volucripes, 
Dictynidae, 
Diplonema buceras, 184 
Diplopoda, 
Dipoena nigra, 
Diptera, 30, 39, 80, 182, 240, 351, 364, 
407, 425, 445 
Diptera, feeding activities some 
blood-sucking, 512 
Dirhinus giffardii, 172 
Dolichopeza, 365 
Dolomedes, 
Drosophila, 499, 50& 
spp., 171 
Drosophila melanogaster 
diurnal rhythmicity in, 119 
modifications fecundity and life 
span of, 


Eatonisca tertiaria, 184 
Empoasca, 
Encoptalophus sordidus, 392 
Endropiodes, 442 
Ennomos 
autumnaria nephotropa, 440 
magnarius, 276 
Eophlebotomus 
connectans, 183 
Ephemera simulans, 380 
Ephemerella 
bicolor, 388 
lutulenta, 388 
temporallis, 389 
Ephemeroptera, 
life cycles of, 380 
Ephoron, 
Epimyrma, 
gosswaldi, 
Epione, 440 
Erannis tiliaria, 
Erigonidae, 
Erista listenax, 223 
Erythaspides carbonaria, 
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Erythroneura Harpagoxenus exilis, 

carmini, americanus, longispinosus, 

kanza, sublaevis, obturator, 


Eubonetia, 187 
Eubrachylaelaps, 
circularis, 
crowei, 
debilis, 
hollisteri, 
lophuromius, 
martini, 
rotundus, 52, 
spinosus, 
Eucalliphora, 
lilaea, 255, 261 
Euctenurapteryx, 440 
Eugonobapta, 440 
Eulophidae, 210 
Eustala anastera, 
Eutettix discolor, 
Euthisanotia unio, 274 
Eutonnoiria edwardsi, 183 
Euxesta nitidiventris, 255 
Euzercon latus, 
Evarcha hoyi, 
Everes comyntas, 


Fannia 
canicularis, 252 
femoralis, 255 
Feltia herilis, 276 
Ficialbia 
215 
splendens, 215 
Flabellifera fumipennis, 
Fly populations 
comparative studies of, 
species urban areas, 251 
Forelia (Madawaska), 306 
borealis, 306 
cursor, 300 
liliacea americana, 302 
ovalis, 299 
siegasiana, 304 
sp., 306 
Foreliinae, 299 
Formica, 
Formicoxenus nitidulus, 17, 
Frontinella communis, 
Fusarium sambucinum, 494 


Garmania 

bulbicola, 271 
Ghaphosidae, 
Gigantolaelaps, 

gilmorei, 
Goniothorax, 
Gonodontis, 440 
Graphiphora 274 
Grasshoppers, nemestrinid 

parasites of, 392 
Gymnopa spp., 255 
Gynandropus hylacis, 
Gyponana brevihama, 


Habrobracon adults, feeding prefer- 
ences of, 415 
Habronattus elegans, 
Haemagogus 
argyromeris, 159 
chalcospilans, 163 
clarki, 159 
equinus, 159 
lucifer, 159 
sp., 159 
spegazzinii falco, 159 
Haemolaelaps, 
glasgowi, 
lophuromius, 


Harrisina 

americana, 232 

brillians, 232 
Heat, solar, effect insects, 
Heleidae, 
Heliothis armigera, 223 
Hemiptera, 79, 132 
Hepialidae, 438 
Heptagenia lucidipennis, 385 
Hertigia hertigi, 182 
Hesperotettix, 460 
Hexagenia, 

affiliata, 384 

limbata, 382 
Hexamitocera tricincta, 
Holoplagia, 240 
Homoptera, 
Hoplothrips, 151 
Horaiella consimilis, 184 
Hydracarina, Michigan, 299 
Hylemya cilicrura, 80, 255 
Hymenoptera, 81, 210, 415 
Hypephyra, 440 


Icerya purchasi, 224 
Insect cholinesterases, substrate pref- 
erences of, 222 
Insects 
orientation the ground, 
pyrethrum-treated, water loss from, 
481 
sense organs localized DDT, 507 
Ischnomyrmex, 
Isoptera, 


Jalysus spinosis, 


Lachnomyrmex, 
Laelaps oryzomydis, 
Laelaptidae, 
Lampetia equestris, influence sug- 
ars oviposition of, 343 
Larina directa, 
Lasius, 
Leiobunum crassipalpe, 
Lepidoptera, 
male genitalia of, 438 
response sound in, 272 
Lepidosaphes 
beckii, 494 
gloveri, 494 
Lepria, 187 
Lepthypantes apalachea, 
Leptinidae, 417 
Leptinillus 
aplodontiae, 421 
validus, 417, 421 
Leptinus 
americanus, 418, 420 
caucasicus, 418, 420 
seriatus, 420 
testaceus, 418, 420 
vaulogeri, 421 
Leptophlebia nebulosa, 387 
Leptopsilopa atrimana, 
Leptothoracini, 
Lepthothorax 
acervorum, 
ambiguus, 
arenarius, 
canadensis, 
canadensis yankee, 
congruus, 
curvospinosus, 
echinatinodis, 
emersoni, 


rottenbergi semiruber, 
rugatulus brunnescens, 
tuberum, 
tuberum interruptus, 
tuberum unifasciatus, 
Leptoxyda, 426 
Lepyronia quadrangularis, 
Leucaria sp., 
Leucauge venusta, 
Light, plane polarized, effect in- 
sects, 
Limatus 
assuleptus, 159 
durhamii, 159 
Limonia 
avocetta, 371 
gifuensis, 371 
hakoneana, 371 
multipuncta, 371 
radialis, 371 
californicus, effect en- 
vironment movement, 308 
Limulus, 113 
Linyphiidae, 
Listrophoridae, 196 
Lophodonta angulosa, 
Lopidea staphyleae, 132 
Lucilia, 
illustris, 252 
sericata, 407 
Lycosidae, 
Lygus 
lineolaris, 132 
pratensis, 133 
rutilans, 133 


Macgregoromyia 
365 
shikokuana, 366 
syusiro, 365 
Macromischa 
bermudezi, 
wheeleri, 
Macromischoides aculeatus, 
Mallophaga, 284 
Mangora placida, 
Mansonia perturbans, 60, 515, 516 
Manuscript rules, 101 
Maruina lanceolata, 184 
Megaselia sp., 171 
Melanoplus 
bivattatus, 402 
dawsoni, 392, 400 
femur-rubrum, 
gladstoni, 402 
mexicanus, 392, 400 
Metaphidippus 
galathea, 
protervus, 
Meta reticulata, 108 
Metator pardalinus, 398 
Microbracon hebetor, feeding prefer- 
ences of, 415 
Microprosopa volucricaput, 
Mimetidae, 
Mimetus, 
Miridae, morphology the female, 
132 
Miris dolabratus, 132 
Misumenops asperatus, 
Mitopeza, 363 
Monacrostichus, 425, 437 
Monomorium minimum, 
Mosquitoes 
biology tree hole breeding, 158 
Nyasaland, 214 
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Musca 
domestica, 224, 252, 258, 322, 329, 
407, 481 
pubera, 
Musca domestica 
analysis DDT-resistant strains, 
499 
electrophysiological and behavioral 
studies on, 489 
genetic test DDT resistance in, 
205 
proteolytic enzymes in, 
Muscidae, 445 
Muscina 
assimilis, 252, 259 
spp., 259 
stabulans, 223, 252, 259 
Muscina, nearctic, 445 
assimilis, 446 
dorsilinea, 448 
flukei, 445 
fulvacrura, 449 
(Pararicia) pabulorum, 446 
(Pararicta) pascuorum, 446 
stabulans, 450 
Muscoid flies, utilization various 
production media by, 258, 320, 325 
Mychothorax, 
Myobia muris-musculi, 196 
Myobiidae, 196 
Myocoptes musculinus, 196 
Myotis lucifugus, 281 
Myrafant, 
Myrmetaerus, 
Myrmica brevinodis, 
Myrmonyssus phalaenodectes, 275 
Myrmoxenus, 


Nabis roseopennis, 
Nemopalpus 

antillarum, 182 

arroyi, 183 

dampfianus, 183 

flavus, 183 

pilipes, 183 
Neodiprion sertifer, 
Neorhegmoclemina, new subgenus, 358 
Neorhynchocephalus sackenii, 392 
Neothrips, 151 
Nephrotoma 

akitae, 366 

ozenumensis, 368 
Nesomyrinex, 
Nesticidae, 
Nesticus pallidus, 
Nomia melanderi, life cycle of, 403 


Obituaries: 
Brues, Charles Thomas II, 422 
Osburn, Raymond Carroll, 422 
Patch, Edith Marion, 313 
Oedionychis sexamaculata, 
Olla abdominalis var. plagiata, 493 
Oncopeltis fasciatus, 219, 223 
Ophyra 
aenescens, 255, 260 
leucostoma, 252 
Ophyra anescens, morphology horns 
puparia, 407 
Opius 
fletcheri, 172 
oophilus, 172 
watersi, 172 
Oronota 
americana, 334 
paradoxa, 334 
trituberculata, 334 
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Orthachaeta 

cornuta, 

Orthopodomyia fascipes, 159 
Orthoptera, 79, 210, 453 
Oryzomydis fulvescens, 
Ourapteryx nivea, 440 
Oxyopes salticus, 
Oxyopidae, 


Paidisca marxi, 334 
Parallelomma 

glabra, 

gracilipes, 

scapularis, 
Parallothrips, 151 
Paraphlepsius irroratus, 
Parascatopse, new genus, 362 

flavida, 363 

363 

wirthi, 363 
Parasynaema viridans, 
Paratidia, 84, 
Parcoblatta lata, 
Paregle cinerella, 255 
Parlatoria pergandii, 494 
Passalus cornutus, 79, 
Pelecystoma harrisinae, 232 
Pentagenia vittigera, 
Pericoma, 184 
Periplaneta, 110 

americana, 165, 211, 223, 481 
Periplaneta americana, structure 

integument palpi, 237 
Permotipula, 183 
Phaenicia 

caeruleiviridis, 252 

cuprina pallescens), 

mexicana, 255 

pallescens, 253, 259 

sericata, 223, 252, 259 
Phalangida, 
Pheiodole, 

megacephala, 172 
Phidippus 

audax, 

clarus, 
Philodromus sp., 
Philonthus trubidus, 172 
Philopteridae, 284 
Phlaeothripidae, 151 
Phlebotomiella 

tipuliformis, 183 
Phlebotominae, 182 
Phlebotomus, 182 

barrettoi, 184 

dolichobyssus, 184 

shannoni, 515, 517 
Phlebotomus, key groups 189 

alphabeticus, 190 

anthophorus, 190 

brevifilis, 189 

brumpti, 189 

cayennensis, 190 

cruciatus, 190 

gigas, 189 

hospitii, 189 

intermedius, 189 

longispennis, 190 

major, 189 

minutus, 189 

mirabilis, 189 

panamensis, 189 

papatasi, 189 

shannoni, 190 

triacanthus, 189 

vespertilionis, 190 
Phlyctaenia terrealis, 274 


Phoetaliotes nebrascensis, 402 
Phormi regina, 223, 252 
Photinus pyralis, 
Phylegyas abbreviatus, 
Phytalmiini, 426 
Phytoseiidae, associated with citrus, 

262 
Pionidae, 299 
Piophila casei, 255 
Pisauridae, 
Plagodis dolaboraria, 440 
Plagiognathus albatus, 132 
Platynus sinuatus, 
Platypsyllus castoris, 417 
Podisus maculiventris, 
Pogonomyrmex barbatus californicus, 

223 

Pogonopygia, 440 
Polyplax spinulosa, 198 
Potamodytes tuberosus, respiration 

344 
Protophormia, 

terrae-novae, 252 
Pseudacicephala, 
Pseudaletia unipuncta, 274 
Pseudocloeon dubium, 391 
Pseudococcus citri, 494 
Pseudocryptothrips, 151 
Pseudofeltri multipora, 307 
Pseudoscorpionida, 
Psilopa comta, 
Psophiidae, 284 
Psorophora 

ciliata, 

ferox, 60, 516 

horrida, 

howardii, 516 

varipes, 60, 516 
Psychoda 

alternata, 408, 414 

phalaenoides, 184 

sp., 171 
Psychodidae, 182 
Psychodinae, 187 
Psychodopygus, 188 
Ptychoptera, 408 
Publication policies, 101 
Pupae, dipterous 

410 

orthorrhaphous, 408 
Pyrausta 

acrionalis, 274 

fodinalis, 274 
Pyrellia cyanicolor, 


Radfordia affinis, 196 
Rallicola 

advenus, 285 

andinus, 294 

carrikeri, 298 

cuspidatus, 296 

elliotti, 296 

ferrisi, 294 

flavescens, 294 

foedus, 285 

fulicae, 285 

funebris, 294 

gracilis, 298 

guimaraesi, 286 

harrisoni, 288 

hoogstraali, 294 

lugens, 296 

minutus, 286 

mystax, 296 

ortygometrae affinis, 290 

ortygometrae bedfordi, 290 

ortygometrae bisetosus, 290 

ortygometrae californicus, 290 
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ortygometrae clayae, 290 
ortygometrae ewingi, 292 
ortygometrae guami, 292 
ortygometrae haydocki, 292 


ortygometrae ortygometrae, 288 


ortygometrae piageti, 292 

ortygometrae pratti, 292 

porzanae, 298 

sarothurae, 298 

taylori, 286 

wernecki, 286 

zumpti, 298 
Rallidae, 284 
Reichertella, 240 
Reticulitermes virginicus, 
Rhaeboza, 240 
Rhagoletis completa, 223 
Rhegmoclema, 241 

abruptinervis, 351 

blantoni, 363 

boreale, 249 

caudatum, 249 

coxendix, 248 

formosanum, 249 

halteratum, 248 

249 

major, 250 

minus, 250 

reticulatum, 251 

rufithorax, 248, 351 

truncatum, 250 

verralli, 248 

winthemi, 24¢ 
Rhegmoclemina, 240 
Rhegmoclemina s., 354 

abruptinervis, 360 

asymmetricum, 360 

bimaculatum, 352, 354 

bisaccatum, 352, 358 

clavicrus, 358 

constricta, 358 

356 

parvum, 358 

scrobicollis, 352, 356 

vaginata, 352, 356 
Rhexoza, 240 
Rhodophora 274 
Rhogas 

plecopterae, 232 

testaceus, 232 

unicolor, 232 


Rogeria stigmatica sublevinodis, 


Sabethes 
chloropterus, 159 
cyaneus, 159 
tarsopus, 160, 163 

Saissetia oleae, 224 

Salticidae, 

Sarcophaga 
aurea, 255 
barbata, 255 
bishoppi, 255 
bullata, 508 
effrenata, 255 
errabunda, 255 
haemorrhoidalis, 255 
laakei, 255 
255 
ochripyga, 255 
plinthopyga, 255 
255 
255 
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spp., 259 

sueta, 255 
vagabunda, 255 
Scatopsidae, 240, 351 
Scatopse 

abruptinervis, 352 

atrata, 240 

cingulipes, 240 

clavicrus, 352 

constricta, 352 

forcipata, 352 

fuscipes, 240 

similis, 240 

subnitens, 240 

trichioneura, 352 

vaginata, 240 
Schistocerca americana, 
Scopeuma furcatum, 
Segestriidae, 
Selenia tetralunaria, 440 
Sepsis punctum, 
Sergentomyia, 183, 188 
Singa variabilis, 
Silphopsyllus desmanae, 421 
Siphloplecton basale, 386 
Siphlonurus rapidus, 386 
Solenopsis geminata rufa, 172 
Spalangia 

hirta, 172 

Philippinensis, 172 


Spider cuticle, histology 


chemistry of, 107 
Stapholinidae, 375 
Staphylinus sp., 379 
Stemmops, 333 

bicolor, 338 

cambridgei, 

concolor, 338 

crypta, 342 

lina, 342 

ornata, 341 

questa, 340 

victoria, 341 
Stenonema 

femoratum, 384 

interpunctatum, 384, 385 
Stomoxys calcitrans, 260 
Swammerdamella, 240 
Sycorax silacea, 182 
Symmyrmica, 
Synderia, 84, 
Synema parvula, 
Synthesiomyia nudiseta, 255 


Taeniorhynchus 
africanus, 215 
chrysosoma, 215 
metallicus, 215 
uniformis, 215 

Tanyptera 
angustistyla, 365 
brevipecten, 364 
perangusta, 365 

Tapinoma sessile, 

Tegenaria 
atrica, 107 
domestica, 107 

Telephanas velox, 

Telmatoscopus, 184 

Temnothorax, 

Tenebrio, 113 
molitor, 165 

Tephritidae, 425 


Termitodipteron, 187 
Tetradacus, 426 
Tetramorium, 17, 
Tetrastichus 

dacicida, 172 

giffardianus, 172 

hagenowii, 210 
Tettigidea lateralis, 
Teucholabis 

esakii, 374 

374 
Theridiidae, 77, 333 
Theridion, 77, 333 
Theridula sphaerula, 
Theryella, 
Thomisidae, 
Thomisus abbreviatus, 108 
Thysanoptera, 151 
Tibellus duttoni, 
Tipula 

dae, 364 

harutat, 369 

368 

daitenjoensis, 370 

matsumuriana, 371 

subyusou, 370 

trupheoneura, 371 

yamata, 369 

yusou, 371 
Titanoeca americana, 
Tmarus angulatus, 
Tomognathus, 
Tortopus primus, 
Toxorhynchites 

sp., 159 

theobaldi, 159 
Toxotrypana, 426, 437 
Trichomyia urbica, 184 
Trichomyiinae, 187 
Trichoprosopon 

digitatum, 159 

magnus, 163 
Trichopsidea ciausa, 392 
Tricorythodes allectus, 389 
Trioza 

maura, 

tripunctata, 
Typhlodromus 

conspicuus, 268 

finlandicus, 268 

floridanus, 269 

peregrinus, 270 


Ulesanis serrata, 334 
Uloboridae, 
Uloborus americus, 
Uranotaenia 
balfouri, 214 
mashonaensis, 214 
Viannamyia, 188 


Volucella hoya, 171 


Warileya, 182 
phlebotomanica, 184 
Wyeomyia aporonoma, 159 


Xysticus elegans, 


Zelotes, 

Zelus renardii, 172 

Zodion obliquefasciatum, 404 
Zora 


[Vol. 


an 

ey 

| 
iF 


ANNALS ENTOMOLOGICAL SOCIETY AMERICA 


For complete, accurate, 
up-to-date information 
PARATHION 


and 


MALATHION 


direct your inquiries the 
developer these important 


broad-spectrum 


AMERICAN Cyanamid 


Manufacturer Parathion Technical 
and MALATHION Technical 


AGRICULTURAL CHEMICALS DIVISION 
Rockefeller Plaza, New York 20, 


wh 
a 
/ 
‘ 
J 
e | 
| 
} 
| 
yk j 
: 
| 
‘ 


ANNALS ENTOMOLOGICAL SOCIETY AMERICA 


CONTROL THESE INSECTS 


CHLORDANE: Ants, Armyworm, Blister Beetles, Boxelder Bug, Brown Dog Tick, 
Cabbage Maggot, Carpet Beetles, Cattle Lice, Chiggers, Chinch Bug, Cockroaches, 
Crickets, Cutworms, Darkling Beetles, Dog Mange, Earwigs, Fleas, Flies, Grass- 


hoppers, Household Spiders, Japanese Beetle Larvae, Lawn Moths, Lygus Bugs, 
Mole Crickets, Mosquitoes, Onion Maggot, Onion Thrip, Plum Curculio, Sar- 
coptic Mange, Seed Corn Maggot, Sheep Ked, Silverfish, Sod Webworms, South- 
ern Corn Rootworm, Strawberry Crown Borer, Strawberry Weevils, Sweet Clover 
Weevil, Tarnished Plant Bug, Termites, Ticks, Wasps, White Grubs, Wireworms 
many others. 


HEPTACHLOR: Alfalfa Snout Beetle, Alfalfa Weevil, Ants, Argentine Ant, Army- 
worms, Black Vine Weevil, Cabbage Maggot, Clover Root Borer, Colorado 
Potato Beetle, Corn Rootworms, Cotton Boll Weevils, Cotton Thrips, Cowpea 
Curculio, Crickets, Cutworms, Egyptian Alfalfa Weevil, European Chafer, Eye 
Gnats, Flea Beetles, Garden Webworm, Grasshoppers, Japanese Beetle, Leaf 
Miners, Lygus Bugs, Mormon Cricket, Mosquitoes, Narcissus Bulb Fly, Onion 
Maggot, Onion Thrip, Rapid Plant Bug, Rice Leaf Miner, Salt Marsh Sand Fly, 
Seed Corn Maggot, Serpentine Leaf Miner, Spittle Bug, Strawberry Root Weevil, 
Strawberry Rootworms, Sugar Beet Root Maggot, Sweet Clover Weevil, Tar- 
nished Plant Bug, Tuber Flea Beetle, Turnip Maggot, Western Harvester Ant, 
White Fringed Beetles, White Grubs (June Beetles), many 
others. 


Budworms, Cabbage Worms, Cotton Boll Weevils, Cotton Bollworm, Cot- 
ton Fleahopper, Fall Armyworm, Grasshoppers, Hornworms, Leafworms, Rapid 
Plant Bug, Spiny Bollworm, Sugar Beet Webworm, Tarnished Plant Bug, Thrips. 


WRITE FOR FULL PARTICULARS 


Division of Arvey Corporation 
Export Division 


General Offices and Laboratories 
100 Eost 42nd Street, New York 17, New York 


330 East Grond Avenue, Chicago 11, Illinois 


528 
: 
A J 
ite 
= 
ee 


INDEX XIII THE LITERATURE 
AMERICAN ECONOMIC ENTOMOLOGY 
NOW AVAILABLE 


Index XIII, covering 1953 literature American economic entomology, 
now ready for distribution. This volume 303 pages, bound black 


buckram. 


The following volumes the series, the LITERATURE AMERICAN 
ENTOMOLOGY, are now available: 


Price Price 
Index No. Years Covered Year Published Members Non-Members 


1905-14 1917 5.00 5.00 
1915-19 1921 4.00 4.00 
III 1920-24 1925 4.00 4.00 
1925-29 1930 4.00 4.00 
1930-34 1938 4.50 4.50 
1935-39 1941 6.00 6.00 
VII 1948 4.00 7.00 
VIII 1951 4.00 7.00 
1954 3.00 3.50 
1950 1952 1.50 2.00 
1951 1953 1.50 2.00 
XII 1952 1954 2.00 3.00 
XIII 1953 1955 2.00 3.00 
Complete set thirteen $27 .00 $38 .00 


All prices are postpaid North America and Possessions. Elsewhere 
add $5.00 for postage and handling orders for the complete set. 


Send orders the 


ENTOMOLOGICAL SOCIETY AMERICA 
Washington 


a ‘ 
4 
ih: 
ata 
ff 
¥ 
“ae 
= 
; 
- 
: 
i 
; 


TABLE CONTENTS 


PAGE 

Harpy, Reclassification the Dacini (Tephritidae-Diptera)................ 425 
OKAGAKI, ATUHIRO SIBATANI, MASAMI OGATA AND YOSHIO Genitalia 
Lepidoptera: Morphology and Nomenclature II. Morphological Significance 


KRING, B.—Biological Separation Aphis Gossypii Glover and Aphis Sedi Kaltenbach 442 


SNYDER, FRED and Descriptions Muscina and Dendrophaonia (Diptera: 


WALLACE, HERBERT S.—Revision the Genus Aeoloplides (Orthoptera, Acrididae)....... 453 
INGRAM, L.—Water Loss from Insects Treated with Pyrethrum................ 481 
A.—Aspirator-Cage Combinations For Delicate and Infected Arthropods.... 


WEIANT, A.—Electrophysiological and Behavioral Studies DDT-Sensitive and 


H.—Some Ecologica! Studies the Twice-Stabbed Lady Beetle Chilocorus 


AND THOMAS JR.—Localization Some Insect Sense Organs 


Snow, E.—Feeding Activities Some Blood-Sucking Diptera with Reference Vertical 


4 
ok 
4 
Se, 
Be 


